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ABSTRACT

Fortran computer programs have been written that will determine the geodesic paths
on an arbitrary surface of revolution. The programs can also determine the number
~of circuits of the geodesics necessary to produce a wrap of a specified thickness.
This thickness can be for one geodesic or be the cumulative buildup of many geo-
desics. Once the geodesic paths are determined, thickness profile and helix angle
plots are produced. In addition, routines are available for plotting the geodesic

paths on the developed surface giving a two-dimensional picture of the paths on the
surface.
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SUMMARY

Computer routines have been developed for computing a geodesic path on an arbi-
trary surface of revolution. This computation is accomplished by approximating the
surface with a series of conical and cylindrical sections (approximating the contour
of the surface by straight-line segments) and determining the geodesic path on each
section. It was shown by S. P. Gold(1) that the geodesic on the approximated sur-
face converges to the geodesic on the actual surface as the surface approximation
converges.

In cylindrical coordinates, r=kz + b on each of the sections, and a geodesic path
can be written in terms of § as a function of z. If the contour of the surface is ap-
proximated by straight lines joining the points (r , z ) and the initial conditions of
the geodesic are that it pass through the point (r(),rl z(),n 80) at the helix angle &, the
theta (mandrel) rotation (R.) for one circuit is found to be:

where J and L are the sections in which the geodesic turns around and:

A6 = 8 (an) -9 <zn)
1+ k2/ k sec—] r /c)- sec_] r /¢ }|on conical sections
n n n+ 1 n

(kn;«-‘o), nf L,

2 o s . -
c /<rn ro-c >on cylindrical section <kn = O) ,

< 1+ k /kn> sec”! (rn+ ]/c>? on section J,

0 - sec_] <r /c>-1 on section L,
L < \" i

~
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>
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(zn F -zn> section slope, and

c=rg sinozo .




The geodesic turns around at the points where the surface radius equals c; that is,

r . = C
min

I’O sin 0[0 .

The value R¢ (in radians) when divided by 2 w is the number of revolutions per circuit
for the specified geodesic. If R, is written as a fraction, A/B, where Aand Bhave
no common factors, then A is the number ofrevolutions per pattern and B the number
of circuits per pattern. A routine is included fo find, if desired, a new value of

which will produce a geodesic with a specified number of revolutions per circuit.

Computer routines have also been written to compute and plot two factors used in
the stress analysis of filament-wound structures, helix angle, and thickness of wrap.
In addition, the routines will determine the number of circuits necessary to produce
a specified thickness at a point. This specified thickness can either be from one
geodesic or be the cumulative buildup of many geodesics.

One of the useful by-products of approximating a surface by a series of conical and
cylindrical sections is that cones and cylinders are developable; that is, if sliced,
they can be laid out flat in a plane (see Appendix A). Geodesics on a cone or cy-
linder become straight lines on the developed surface. Routines, both Fortran and
APT, have been written to draw the developed surface and to plot geodesic paths
on this developed surface. This developed surface plot has been useful in determin-
ing certain characteristics such as thickness of wrap and number and location of
crossovers. The developed surface plot can also be used to set up a winding machine
by cutting out the plot and pasting it on the mandrel to be wrapped.

These routines are useful to engineers in designing wrap patterns for filament-wound
structures. They are also the basis for routines used in locating the path of a fila-
ment feed eye of a numerically controlled filament-winding machine. (2)



INTRODUCTION

Combining high-strength filaments with resins in a composite structure has led fo
structural elements and parts which have exceedingly high strength-to-weight
ratios. New materials, which lend themselves to filament windings, are being
rapidly developed and new applications of composite structures are appearing. Pro-
ducts currently made by filament-winding techniques range from light-weight fish-
ing rods to large railway tank cars.

As the applications of filament winding increase, so does the need for abetter under-
standing and definition of wrapping patterns. One large class of filament-winding
applications involves shapes which are surfaces of revolution. Since a geodesic path
on any surface is a stable path, geodesics are often chosen as the desired filament
paths. Therefore, this investigation was made by Y-12 Plant personnel to determine
geodesic paths on an arbitrary surface of revolution and to compute fiberhelix angle
and thickness buildup which would result from wrapping these patterns. The project
was sponsored by Sandia Livermore and carried out under Purchase Order ASB

92-1849.




DISCUSSION OF THE STUDY

FILAMENT PATH ON A SURFACE OF REVOLUTION

Since a geodesic on a surface is a stable quh,(3) a filament laid along ageodesic
will have no tendency to side slip. For this reason, geodesics are often chosen for
the desired filament paths. However, the equations for geodesics on surfaces other
than simple surfaces such as spheres, cones, and cylinders are not easily determined.
Therefore, a method of approximatinga geodesicon an arbitrary surface of revolution
is undertaken.

To determine a geodesic on an arbitrary surface of revolution, first approximate the
contour of the surface by a series of short, straight-line segments. When rotated
about the axis of revolution, these line segments generate a series of conical and
cylindrical sections that approximate the surface of revolution. Then, by using the
equations for a geodesic on cones and cylinders and by determining the criteria for
crossing from one section to another, a geodesic can be computed for the arbitrary
surface of revolution.

GEODESIC ON A CONE

The problem associated with surfaces of revolution can be simplified by using cylin-
drical coordinates (r, z, §). On a surface of revolution, r is a function of z and a
point or curve on the surface can be defined in terms of two variables, z and g.

To determine a geodesic on a cone, the property of the geodesic that is utilized is
that between any two points on a surface, the path of minimum arc length is a geo-
desic. Therefore, to determine a geodesic between two points (Figure 1), it is ne-
cessary to find the curve which minimizes the following integral (arc length):

A
f J] + (dr/dz)2 + r2 (de/dz)2 dz. (n
0

A necessary condition(4:3) for the integral to be a minimum is:

d 2 (dg/dz)
dz 5 2
J] + (dr/dz) +r° d 6/dz)2

=0 , or: (2)
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Figure 1. GEODESIC PATHON A
CONE.

 (dg/dz)

V1 + (/a2 + 2 (do/dn)’

Since the surface of revolution here is a cone, then:
r(z) = kz + b.
Equation 3 reduces to:

(do/dz)
J] + k2 + r2 (d6/dz)2

By squaring both sides and collecting terms, Equation 5 reduces to:

do/dz=c Y1 +k2 / (rJrz_-?)

Solving Equation 6 results in:

B(z) = ( 1+ k2/k> sec—] [r(z)/c]+ d.

= ¢ = constant of integration.
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If the geodesic passes through the point (ro. zor Bg) at helix angle o (@ common way
of specifying the initial conditions for a geodesic), the constants ¢ and d are found
(Appendix B) to be:

c = sin Ay and 8

d = ( 1+k2/k>[0—sec_] (ro/c)] 8, -

Thus, the equation for a geodesic on a cone is:
8() = ( 1+ k2/k> {sec—] [1e) /1y sinay] = (n/2 ‘“o)} roy. 0

In the special case of a cylinder, where r = ro the differential equation is:

rg de/dz) / Jl + r(2) (de/dz)2 = ¢, or:

dg/dz = ¢ / (ro rg - cz).

The equation for the geodesic on a cylinder becomes:

8(z) = ¢ <z-zo> /(r0 rg - c2 >+90,
= (-2 (1/rg) tanay +6,, (10)
where, again:
c =1 sinao .

SECTION-CROSSING CRITERIA

A surface composed of two cones is shown in Figure 2.
The equation for the surface is:

r(z) = k] (z -z])+r] forzos z<z,, and
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r

Figure 2. GEODESIC ON A SURFACE
COMPOSED OF TWO CONES.

-z )+
z z]) r, for z <z<z2.

2( 1 1="=

From Equation 3 it is seen that the geodesic between (rO, Zg 60) and (r], Z]’e])
satisfies:

 (do/dz) .
: 1/
Jl + r2 (de/dz)2 + (dr/dz)2
and satisfies:
r2 (dg/dz)
= c2 ’

142 (do/dz)? + (dr/dz)?

between (r], Zy 6 1) and (r2, Zy 62).

. ‘ ... (4,5). .
The Weierstrass-Erdmann Corner Condmon( rS) is used to determine the necessary
crossing condition for maintaining a geodesic on the composite surface; that is:

r2 (dg/dz) lim |’2 (dg/dz)

= +
z->z
] J] + r2 (de/dz)2 + (dr/dz)2

lim
2>z,

1+ r2 (de/dz)2 + (dr/dz)2
Thus,
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(It is shownin Appendix B that the condition €y =< implies that the helix angle is
continuous at z = z .)

Then the equation for the geodesic is:

6(z)=< 1 +k]2/k]> isec-] [r(z)/c]- (n/2 ao)g +90

for z <z< z],and

0

9(z) = ( 1+ k22 /k2> isec_] [r(z)/c]- sec_](r]/c); + 8,

for z <z<z

where:

0, = 6(z,) =(1 rk’/ k]>[sec" /<) - (w/2~ao>] + 9,1

and:

c= I"O sin C(o.

It was shown (Equation 6) that a geodesic on any cone, r(z) = knz + bn'

satisfies the differential equation:
_ " 2 " 2 2
de/dz—cn 1+kn /(r r-c) ) .

If the geodesic is a continuation of a geodesic which passed through the point (ro,

2 90) at helix angle %y the constant of integration, €. s is (see Equation 11 ):
c =c
n
= ro sin O(O.

By rewriting the differential equation as:

_ 2 2 2
dz/ dg=r¥r" -c¢ /(c v1+kn >,
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It is immediately seen that:

dz/d6r=c:O .

Thus, the turnaround point of the geodesic is that location where the radius of the
surface equals ¢ (ie, equals rg sin ag); that is, the radius at the turnaround is deter-
mined by rg and @ (radius and helix angle at the initial point) and is independent
of the shape of the surface.

DETERMINING A CIRCUIT OF THE GEODESIC

Let the contour of the surface be defined by a series of straight-line segments join-
ing the poinfs (r _, zn), n=1,..., M (Figure 3). For each segment, define the
parameter ky,, as Follows:

kn= (rn+.|-l'n>/<zn+] _Zn>forn:]I 21 L4 M-] *

(er ZN)

(fN+],ZN+1)

Figure 3. CONTOUR OF A SURFACE OF REVOLUTION.

If the initial conditions for specifying the geodesic are that the geodesic must pass
through a point PO’ whose radius is o at helix angle o, then the constant of in-
tegration, ¢, is:

[} =l'o smozo
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Note here that ¢ must be such that:
. CZ gqu r], rMs ;

otherwise, the geodesic would continue beyond the defined portion of the surface.
Now, to determine the sections in which turnaround occurs, it is necessary to find

J and L such that:

r,<c<r

5< k >0, and

J+1 77

rL>chL+] , kL<0.

Section J will be called the lower turnaround section and L the upper turnaround

section. Whenn# J,L:
A6, =0 (an)- e(zn)

(] + kn2 / kn) l:sec-] (rn+] /c>— sec_] (rn/c>]if kn £0

(conical section)

2 2 )
(zn+]-zn) c/(rn P ) lfkn=0.

(cylindrical section)

Whenn=J, L,

_ 2 -1

ABJ—(]+kJ /kJ>[sec (rJ_H/c)—O], and (14)

A8, = ( 1+k2/l& >[0—sec-] (r /c):l (15)
L L 7L L '
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The rotation during one circuit, R, becomes:

L
R =2 T A8 |. (16)
n
n=2J

In order for the geodesic to return to its starting point (ie, complete one pattern),
R (in revolutions) must be a rational number, say Re = A/B. (In practice, Re
will always be rational since it is a computed value.) Then, after B circuits, the
mandrel will have completed A revolutions and the geodesic will have returned to
its starting point. If A and B have common factors, the geodesic will return to its
starting point after fewer circuits. Thus, to determine when the path starts re-
peating, it is necessary to reduce A/B to a fraction which has no common factors.
Once this is done, A becomes the number of revolutions per pattern and B the number
of circuits per pattern.

Oftenthe initial helix angle, &, is only an estimate of the desired helix angle
at P~. It may be more desirable to have a helix angle approximately equal o, at
P., but which will produce a wrap having a predetermined number of circuits ~per
pattern. This is the case whencomplete coverage is desired at a given parallel or
where a certain thickness is wanted at a parallel. In Appendix B, an iterative
scheme for choosing a new value for g is derived to achieve the number of circuits
per patftern.

GEODESIC ON A DEVELOPED SURFACE

One of the useful by-products of approximating a surface of revolution by a series
of conical and cylindrical sections is that cones and cylinders are developable.
That is, if sliced, they can be laid out flat in a plane. To further simplify matters,
geodesics on a cone or cylinder become straight lines on the developed surface.
Thus, a two-dimensional picture of a geodesic on the surface can be drawn.

Drawing a geodesic on a developed surface has been helpful in determining certain
characteristics of a geodesic such as the thickness of the wrap and the number and
location of the crossovers. The developed surface plot could also be used in setting
up a winding machine by cutting out the plot and pasting it on the mandrel to be
wrapped.

Computer routines have been written to compute a geodesic on a surface for given
initial conditions, to develop the surface, and to plot the geodesic on the developed
surface. As an example of this plot, geodesics were computed for the surface shown
in Figure 4. The initial helix angles were adjusted (by the scheme discussed in Ap-
pendix B) so that the geodesic had T1circuits per pattern (thus returning to its start-
ing point after 11 circuits). Figure 5 shows a single geodesic on the surface, Figure
6 is the two-dimensional picture of the geodesic on the developed surface, and
Figures 7 and 8 show the combined pattern of four geodesics on the surface.
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1 10 12 14.7 -z

Figure 4, CONTOUR OF A SURFACE COMPOSED OF TWO
CONICAL SECTIONS AND A CYLINDRICAL SECTION.

LAN

Figure 5. SURFACE WITH A SINGLE
GEODESIC.

GEODESIC CHARACTERISTICS

Two parameters usedin the stress analysis of afilament-wound structure are the helix
angle and thickness of the wrap at various parallels. The helix angle can be de-
termined directly from the relationships (Appendix B ):

tan o = 6:/ Vrz - cz’; that is,
o = tcm_] (C/Vrz—cz), (17)

where:

c=ro sinog0 .

In determining the thickness of wrap at a given parallel, it is assumed that the
center of the band follows the geodesic path. The approach used is to determine,
at the desired parallel, the percentage of the circumference covered by a circuit
of the geodesic. If the circuits are uniformly spaced around the part, then the
computed percentage of coverage can be used to determine the average thickness
at that parallel; that is:
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X XXX X

XX X XX

A

Figure 6. DEVELOPED SURFACE WITH A SINGLE GEODESIC.

B

Average Thickness at a Parallel
= (coverage/circuit)(number of circuits)(band thickness). (18)
For the derivation of the equations for coverage at a parallel, see Appendix C.

It should be noted here that the value computed for thickness is actually the amount
of glass at the parallel. [t does not take into account the matrix material present
or the thickness resulting from voids and bridging of the fibers. - Therefore, this
figure should be modified by some factor determined by the percent glass of the
wrap.




19

Figure 7. SURFACE WITH FOUR GEO-
DESICS.

A
7AYo=
R

Figure 8. DEVELOPED SURFACE WITH FOUR GEODESICS.

For a given geodesic, Equation 18 can be used to determine the number of circuits
necessary to build up a desired thickness at a parallel:
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(desired thickness at the parallel)

Number of Circuits =
(coverage/circuit at parallel)(band thickness)

However, knowing the number of circuits to be wrapped does not fully describe the
wrap pattern. It may be desirable tohave these circuits uniformly spaced around the
part. This possibility brings up an interesting question: Of how many patterns and
circuits per pattern should the wrap consist? In trying to answer this question, two
approaches are taken. They appear as options in the computer program (subroutine

NOCIRC, described in Appendix D).

Option 1 - When the surface to be wrapped is primarily a cylinder, it may be
desirable to have the circuits spaced around the partso that after one pattern,
the cylindrical portion is completely covered. Here, the number of circuits
per pattern is chosen to give complete coverage at a parallel with no over-
lapping of fibers going in the same direction. The number of patterns neces-
sary to build up the desired thickness is then determined.

Option 2 - Whenwrapping a general surface of revolution, complete coverage
at one parallel would produce over lapping fibers or less than complete cover-
age at all other parallels. Therefore, it is felt that the idea of complete
coverage at a parallel has less meaning here. Also, in wrapping ageneral
shape, it may be desirable to apply many different geodesics, building up a
thin layer with each to achieve an overall wrap of a given thickness. The
different geodesics could be chosen to produce this wrap. Thus, with this
option, the number of circuits per pattern is chosen to equal the total number
of circuits to be wrapped for the geodesic. Hence, after one pattern, the de-
sired thickness for that geodesic is obtained.

To achieve a desired thickness at a parallel, the number of circuits per pattern,
and number of patterns are determined by use of one of the two options. The de-
sired thickness could be for this particular geodesic or the cumulative thickness of
this and all prior geodesics. If it is the cumulative thickness that is wanted, then
the thicknesses resulting from the previous geodesics are computed and subtracted
from the thickness specified. This value is then used in determining the désired
number of circuits. However, the number of circuits per pattern of the geodesic
determined by the specified initial conditions will not, in general, be the same as
those needed to give this wrap. Hence, it may be necessary to find a geodesic
which differs slightly from the initially specified one, but which has the needed
number of circuits per pattern.

The procedure for finding the new path is as follows: If A/B is the computed re-
volutions per circuit of the specified geodesic and NB the desired circuits per
pattern, an integer NA is found so that NA/NB is as close as possible to A/B.
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If NA and NB have common factors, NA and/or NB are altered so that there are
no common factors. Then NA becomes the number of revolutions per pattern and
NB the circuits per pattern. A new geodesic having NA/NB revolutions per circuit
can then be found (by the scheme described in Appendix B) or the rotation of the
computed geodesic can be distorted to achieve the desired revolutions per circuit.

Computer routines have been written for plotting these geodesic characteristics
(helix angle and thickness). For plotting purposes, distance along the contour of
the surface, S, was chosen as the reference (see Figure 4). For consistency and
ease in plotting, all of the quantities are normalized before plotting.

Plots were made for the surface and geodesics shown in Figure 7. Values were com-
puted for a 0.6-inch-wide band, 0.01 inch in thickness. The Ffirst plot, Figure 9,
relates R and Z to the reference S; Figure 10 is a plot of the helix angles for the
four geodesics. Figure 11 is the thickness plot for one geodesic (the geodesic shown
in Figure 5), Figure 12 shows the thickness resulting from the four geodesics, and
Figure 13 is a scale drawing of the contour after the wrap.

SMAX = 16.1933
RMAX = 4.0000
ZMAX = 14.7000

0.50 1

R/RMAX AND Z/ZMAX

0.50 1.00
S/SMAX

Figure 9. PLOT RELATING R AND Z (NORMALIZED) TO REFERENCE §.
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SMAX = 16.1833
90.00 T

60.00 T

30.00 1

HELIX ANGLE

S/SMAX

Figure 10. HELIX ANGLE PLOT FOR THE GEODESICS SHOWN

IN FIGURE 7.
SMAX = 16.1933
MAXIMUM THICKNESS = 0.639535

1.00¢
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0.50 1.00
S / SMAX

Figure 11. THICKNESS PLOT FOR THE GEODESIC SHOWN IN
FIGURE 5.




SMAX = 16.i933

MAXIMUM THICKNESS = 0.639535
1.007

0.50 ¢

THICKNESS FOR GEODESIC SUM

S / SMAX

Figure 12. THICKNESS PLOT FOR THE GEODESICS SHOWN IN FIGURE 7.

FINAL CONTOUR

Z SCALE = 0.5000 R SCALE = 0.5000

N N N 3 i 3 N 3 4 N
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- 2.00

4.00 6.00 8.00 10.00 12.00

Zz

Figure 13, SCALED PLOT FOR THE GEODESICS SHOWN IN FIGURE 7.
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COMPUTER PRO GRAMS

The programs for computing a geodesic and plotting its characteristics are written in
Fortran Il. There are, in addition, four APT macros available for computing a geo-
desic and plotting it on the developed surface.

Fortran Program

The Fortran program consists of two main programs and 17 subroutines. In addition,
the plotting routines utilize several subroutines for the Gerber Scientific Plotter. (6)
With slight modification, the Gerber subroutines could be used with other plotting
machines.

The geodesic subroutines are called by one of the main programs. Main program
DESIGN is utilized when computing and plotting geodesic characteristics; main
program DEVPLT is used for plotting geodesics on a developed surface. Flow sheets
of the main program and deck arrangements for the two operations are shown in
Appendix D. Also given in Appendix D are input details and a listing of the com-
puter program.

APT Program

The APT program represents the initial efforts on this project. Due to the limited
amount of storage available in APT, this approach was abandoned and the Fortran
program undertaken. Therefore, the APT program, consisting of four macros, is
limited to computing a geodesic and plotting it on the developed surface. These
macros are briefly described in Appendix D.

COMPARISON OF A TRUE GEODESIC WITH A GEODESIC COMPUTED BY THE
APPROXIMATION TECHNIQUE

The technique described in this report is the computation of a geodesic for a surface
which is, in effect, an approximation of some other surface. A logical question to
be raised is just how good does this computed path conform to a geodesic on the
original surface? S.P. Gold proves that the path on the approximated surface con-
verges to the geodesic on the true surface as the surface approximation converges.

As an example of how well the approximation technique works, geodesics on a
sphere were compared to those computed by the approximation technique. A fila-
ment will be on the mandrel surface even if a coarse approximation isused in cal-
culating its path. For a given point (r, z, 8) on the filament path, there will be,
for a given z, no error in r (since the point lies on the mandrel surface) between the
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filament path and the true geodesic (great circle). The deviation, if any, will be
in the rotation, §. Therefore, in comparing the computed path with the great circle,
the rotation for a great circle (360°) is compared with the rotation as computed.

Geodesics were computedfor six approximations of the sphere. These approximations
ranged from 18 conical sections (19 equally spaced points on the sphere) to an ap-
proximation involving 720 sections. Geodesics with helix angles (at the equator of
the sphere) of 10 to 85 degrees were determined. The results are summarizedin
Table 1. It can be seen from this table that the approximation technique determines
a path which closely follows the true geodesic on a sphere. The finer the approxi-
mation of that portion of the sphere on which the geodesic travels, the smaller the
deviation between the great circle and the computed path.

Table 1

COMPARISON OF THE ROTATION OF A TRUE GEODESIC ON A SPHERE WITH
GEODESICS ON VARIOUS APPROXIMATIONS OF THE SPHERE

Helix Number of Number of Rotation Deviation
Angle Conical Sections Sections Traversed for Circuit per Circuit Percent
(degrees) Approximating a Sphere by the Geodesic (degrees) (degrees) Deviation

40 18 10 366.653 +6. 653 1.85
65 36 10 366.433 +6.433 1.79
80 90 10 366.342 +6.342 1.76
85 180 10 366.331 +6.331 1.76
40 36 20 362.244 +2.244 0.622
70 90 20 362.196 +2.196 0.612
80 180 20 362.184 +2.184 0.607
85 360 20 362.185 +2.185 0.607
50 90 40 360.773 +0.773 0.215
70 180 40 360.765 +0. 765 0.212
80 360 40 360.764 +0.764 0.212
85 720 40 360.770 +0.770 0.214
10 180 80 360.269 +0.269 0.075
70 360 80 360.267 +0.267 0.074
80 720 80 360.268 +0.268 0.074
10 180 160 360.071 +0. 071 0.020
50 360 160 360.094 +0.094 0.026
70 720 160 360.093 +0. 093 0.026

DEFINITION OF TERMS

Geodesics - A path is called a geodesic on a surface if at each point of the path,
the principal normal coincides with the normal to the surface  (The shortest of all
paths joining two points on a surface is an arc of a geodesic.)

Meridian - Any plane which passes through the axis of revolution intersects asurface
of a revolution along a pair of curves. The curves are called meridians.

Helix Angle - If Pis a point of a geodesic on a surface of revolution, then the angle
between the geodesic and the meridian at point P is the helix angle at P.
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Parallel - Every plane perpendicular to the axis of revolution intersects a surface of
revolution along a circle, which is called a parallel.

Circuit - The path traced from a starting point at a particular parallel on a surface
until the path crosses the same parallel going in the same direction is one circuit.

Pattern - The number of circuits the path traces on a surface in returning to its orig-
inal starting point is a pattern.
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APPENDIX A

DEVELOPED SURFACE

Developing a Surface

Let the contour of a surface be defined as a series of straight-line segments joining
the points (rp, zn), n=1, M. Define the following section parameters:

kn:<rn+1_rn)/<zn+]_zn> n=12 ..., M-1

Fn= 1+k n=12 ..., M~1
n
x]=0
xn+]=xn+ <Zn+1_zn) Fn n=12 .., M-
i (pn=||<n/fn| 27 n=1,2, ..., M-1
- r ifk >0
n n
Rlnzlfn/knl r r= n=1,2 ..., M-1
rn+1'fkn<0
rn+]ifkn>0
— = =],2, DY) M_]
R2n Fn/knlr d r ifk <0 "
n n
x =Rl ifkn>0
xc = noon n=1,2 ..., M-1
x +R2 ifk <0
n n n

Utilizing these parameters, the surface can be developed. Figure A-1 is an example
of a surface which has been developed.

- Tranformation of a Point on Surface (z, ) to a Point on the Developed Surface (x, y)

1. Find n such that:

o
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Y
2!Tr2
| &, y)
© C
| N B @3
1 R2 A2
RI, k TR\,
= \ = X
XC] X] X2 X3 X4 XC3
Section 1 Section 2 Section 3

Figure A-1. A DEVELOPED SURFACE COMPOSED OF TWO CONICAL SECTIONS AND A CYLINDRICAL
SECTION.

2, 82587, 4
2. If kn= 0 (cylindrical section), then:
x=x 4 (z-zn),ond (19)
y=r 8.
3. If kn # 0 (conical section), then:

xc + (fn /kn) r cos (kn/ fn) 9:, if kn >0
X = =

xcn—lfn/knl r cos (kn/fn> 6] ifkn<0,

y = Ifn/knl r Sin(l_kn/fnle) .
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These equations reduce to:

S Wt
| = (o) (=) o [frn) 4 22

Drawing a Geodesic on a Developed Surface

. 21)

Drawing a geodesic on a conical section (kp > 0) will be discussed. Since the
other cases (k, < 0) are similar, they will not be presented. Let the geodesic
enter section n at (r, z, 9) either initially or by transition from another section.

Define .
BO = <kn/fn)e'

AB = (kn/Q)Aen,

R2n if previous section was section n + 1
p'l = 7
. R]n if previous section was section n = 1
_ -R'ln if py = R2n
P2
R2n if Py = R]n

Case A-1 — By + AB <, when (n # J) (Figure A-2) - The geodesic is the line

segment between (xe, ye) and (xd, yd), where:

xe=xcn+p] cos ’BO'
Ye =Py sin By
X4 =xc_+p,cos (B +AB),

Yd:pzsm (/30+AB)
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Figure A-2, GEODESIC ENTERING AND LEAVING A
CONICAL SECTION. (Line on the Developed Surface)

Case A-2 — B+ AB >, when (n# J) (Figure A=3) - In this case, the geodesic
is represented as two line segments, from (xe, Ye) to (xq, yq) and from (xor yo) to

(x4, yq), as shown in Figure A-3. With respect to a local originat (xc, 0), the
line through (i(e, ye) has the equation:

oY)

y cos wn = x sin <pn

(x50 75)

Figure A-3. GEODESIC ONTWO LINE SEGMENTS ONADEVELOPED
CONICAL SECTION.
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and the line defining the end of the developed surface satisfies equation:

ycos<pn=xsin(pn,
where ;
Xy =Py cos BO’
ye=p]ﬁn30,
xd=p2 C°5<30+A3),

yd=p25in<Bo+AB>.

Solving for the intersection of the two lines determines the point (x], y]). Then
(x2, y2) is found by:

The end point of the line segment is:
Xy = Pgycos B,
Yq = 0 sin 8,
where:
B=B,* LB -0

Translating the points by xe locates the geodesic on the developed surface.

Case A-3 — B8yt 248 <@ when (n = J) (Figure A-4) - The geodesic on Section J

(turnaround section) is again a line segment between the points (x, ye) and (xg, yq),
as presented in Figure A-4, where:
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/

/ Q¢

//4‘ N B

/
///// )/ /§

By

X

Figure A-4. GEODESIC ON A TURNAROUND SECTION OF
A DEVELOPED SURFACE.

X, = Xc + P cosBO,

ye = p] sin BOI
x4 = xc + P, cos <BO + 2AB> ’
Yq = Py sin (BO + 2AR)

The case, Bp + 2AB><pn, is similar to Case A-2 and can be determined in
similar fashion.
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APPENDIX B

ADDITIONAL GEODESIC DERIVATIONS

Evaluation of the Constants of Integration

Let the initial conditions for specifying a geodesic be that the geodesic passes
through point (ror zg, 8g) at helix angle ag. To determine the constant of in-

tegration (c in Equation 3 of the text), two cases will be examined.

Case B-1 — Initial Point Lies in a Cylindrical Section - It was shown in Appendix
A that in transforming a surface point on a cylinder (r, z, 8) to a point on the de-
veloped surface (x, y), the relationship is:

x = z + h, where h is a constant, and
y = ¢0 .
Then:
dy /dx = (dy/de) / (dx/d8),
= r (d8/dz), or
dg /dz = (1/r) dy/dx) .
But,

dy /dx = tan o, and
d9/dz = (1/r) tan Qg as shown in Figure B-1,

The equation developed for the geodesic on the cylinder was determined to be:

"2 (de /dz) / ‘/] + r2 (de/dz)2 = ¢

Therefore,
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Geodesic o
Path [~— Geodesic
(xg ) Path
%
(rolzoleo) -0
— X
Figure B-1. DEVELOPED CYLINDRICAL SECTION.
2 2 2
c=1r2 (tcmao/r)/\/1 +r (fon ozo/r , and
c =rsin oy
Since the initial point lies on the cylinder,
r=rg; and
c=r, sina, .
0 0
Case B-2 — Initial Point in a Conical Section - As was true for the cylindrical

case, the results of Appendix A (developing the surface) will be utilized here. The
following relations are derived from Equation 21 and 22 of Appendix A:

LU

r + kn <z -zn> cos (kn G/Fn> + (dz/d@) fn sin (kn 6/fn>
dy/dx = =

-1 + kn (z - Zn)— sin (kn 6/fn) + (dz/d8) fn cos <kn G/fn)

; (23)

: £ (dy/dx) cos (kn e/fn> - sin (kn G/Fn>
de/dz = . (24)

ot kn (z - zn> cos (kn 6/fn> + (dy/dx) sin <kn e/fn)

By examining the initial conditons for 8 = 0 (no generality lost here since a sub-
stitution 8 = @ - 6p would result in the same geodesic shifted by 90), the initial

point would appear as shown in Figure B-2. Again,




AN
- Q
<

(XOI YO)

Figure B-2. DEVELOPED CONICAL SECTION.

dy/dx = tan Y and

de/dz | = fn tan g / [r N + kn (zO - Zn)] '
(ro, Zgr O)

= Fn fcnao/ o -

The geodesic on the conical section satisfies (see Equation 5):

¢ = 2 (do/dz) / « + kf + 12 (d8,/dz)?

The constant, evaluated at (ro, Zq 0), becomes:

2 2, 2 2
c =1 (fn tan ao/ro) / N1+ kn+ 0 (Fn fonao/r0> ;

c =r

0 smozo .

The constant d is found to be:

35
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d= 60 —( 1+ k2/k) sec—] (rO /c)

Helix Angle at a Parallel

To determine the helix angle at a given parallel, the developed surface will again
be utilized. By examining the geodesic at § = 0 (again no generality is lost), it is
seen that:

dy/dx = tana .
8 =0

For a conical section (see Equations 6 and 23),

dy/dx :IE“ + kn <z - Zn):| / |:fn (dZ/dG):I P

6=0
= <r/fn) dg/dz ,
= (r/fn><cfn/r er - c2 >,
=c/ Vrz - c2.

tanay=c/ r2—c2, or (25)

a = tan -] <c/ Vrz—c2>. (26)

Using a similar argument, the same result can be derived for a cylindrical section.

Thus,

Equation 25 can be rewritten as:

sina =c¢/r , or
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rsing = c. (27)

Equation 27 is the same relationship given by Clairauts' Theorem(3) for q geodesic
on a surface of revolution.

Since r is a continuous function and the constant ¢ has the same value on each
section, Equation 27 implies that the helix angle, @, is continuous at the point
of transition from one section to another.

Determining an Initial Helix Angle to Produce a Geodesic with the Desired Number
of Revolutions per Circuit

Previously, an equation for determining the rotation for a circuit of the geodesic,
R., was derived. This was given by Equation 16 which is repeated below:

N

A9
n

If the desired rotation per circuit is R (to give complete coverage or a desired
thickness, etc), define:




38

An approximation of an initial helix angle, oy, which will produce a geodesic
having the desired rotation per circuit is found by:

AR_/Aag~dR_/day

o :aO+AaO‘
Now,

L

dR_/ doy =d {2 nzzJ IRIVELY

L
=2 23 [dAGn/dao] )
n=1J

The derivatives are found to be:

_ ‘} 2 2
da6/day= _<fJ/kJ) 0/ Ve
dae, /da.=|f /k )r cosa/vr2‘02

L o \L” L]0 0 L ’
¢ IR AN L
nrocosoz0 n) Th+1°° +1/ P ¢ ifknz“‘O
O:
2 2\3/2| ifk =0
rocosao [rn (Zn+]_zn>/<rn -C ) :| n

dAen/da
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APPENDIX C

DERIVATIO N OF EQUATIONS FOR THE THICKNESS OF WRAP

Computing the Coverage

As stated previously, the approach used in determining the thickness of wrap at a
parallel is to find the fraction of the circumference which is covered by one circuit
of the geodesic. In computing this coverage, it is assumed that the center of the
band lies along the geodesic. The developed surface is utilized in each of the four
cases considered below.

Case C-1 — Parallel in a Cylindrical Section - Each circuit of a geodesic will
cross the parallel in a cylindrical section twice as shown in Figure C-1. The frac-
tion of the circumference covered by each circuit is:

COVERAGE/CIRCUIT = 2(w/cosa) / 2mr

w/Tr cosq,

where:
w represents the band width,
r the radius of cylindrical section, and

o the helix angle.

Developed
Cylinder

]

W/cos a

2nr

* Parallel

Figure C-1. DEVELOPED CYLINDER.
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Case C-2 — Paralle! in a Conical Section, Band Crosses Parallel Twice - In a
conical section, a parallel is represented as a portion of a circle on the developed
surface as shown in Figure C-2. To determine the fraction covered at the parallel,
a reference frame is established with the origin at the intersection of the band

center line and the parallel circle (see Figure C-3). The fraction of the developed
cone angle covered is then determined.

Developed
Conical
Section

Pc:rmllel\x

Figure C-2. DEVELOPED CONICAL SECTION. (Band Crossing
Parallel Twice)

Band Center
Line"

/<\Line 2
o
(- p,0) = X

Circle 1

Figure C-3. COORDINATE FRAME WITH THE ORIGIN AT THE INTER-
SECTION OF THE BAND CENTER LINE AND PARALLEL CIRCLE.




The equations for the band and the parallel circle are:

Line 1 = (-sina)x + (cos o) y = w/2;

Line 2 - (-sina) x + (cos &) y = -w/2; and
Circle 1 - (x+p)2+y2=p2 .

Solving for the intersection of Circle 1 with Lines 1 and 2 gives:

Yy = (-cos @) (p'sina = w/2) +sin o Jpz - (psina - w/2)?,

xq = (cos a/sin o) Yy - w/2 sina,

Yp= (-cosa) (psinay+ w/2) +sing Jpz -(psing + w/2)2,
Xy = (cos a/sin a) Yot w/2 sing.

The angles covered are:

A(p] = fcn_] [y] /<p+x]>:| , and
-1
A(p2 = tan l:lyZI / <p + x2>:l

Then,
COVERAGE/CIRCUIT = 2(A o, + A®,) /@,
=2 (A(p] +A¢2)/ kn/fn 27,
= ,Fn/kn (Aoy+Ap, ) /7,
where

r = radius of surface at the parallel,
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r,

p= Ifn/kn

o= |k, /%,| @m and

a = helix angle at the parallel.

Case C-3 — Parallel in a Conical Section, Band Crosses the Parallel Once - For
parallels near the turnaround parallel, the band will only cross the parallel one
time (Line 2 of Figure C-3 does not intersect Circle 1). Figure C-4 shows this case.
Again, theportion ofthe developedcone angle covered is computed.

Developed
Conical
Section

Band Center Line

PcmlI:lX

Figure C-4. DEVELOPED CONICAL SECTION. (Band Crosses the Paral-
lel Once)

The points of intersection are:

Yy = (-cos &) (psina = w/2) +sin o Jpz - (psina - w/2)2 ,

x| = (cos @/ sin oz)y] -w/2sina,

Yo = (-cos @) (psina - w/2) - sina Jpz - (psina - w/2)2,
x9 = (cos a/sin@) yy = w/2sing .
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The angles covered are:

-1
- 4¢, = fan [y] /(p+x] ,
— -1 .
A<,02 = tan I]yzl /(p +x2)J if p> |x2 l,

-1
= tan [|p+x2 /y2:|+11/2 if X, >p.

Then,

COVERAGE/CIRCUIT =<A(,D] + A@2> /0,

:<A<,,] ¥ A¢2>/|kn /fnl 21,

Fn/knl (A(p] +A<,02> /2n .

Case C-4 — Paralle!l in a Conical Section; Parallel Beyond Turnaround Parallel -

Since the band has a finite width, parallels beyond the turnaround parallel can be

covered (turnaround parallel being that paralle! where the geodesic turns around).

This case is illustrated in Figure C-5. The portion of the angle covered is again
- computed.

Parallel :
. ; Band Center
Line

Figure C-5. PARALLEL BEYOND THE TURNAROUND PARALLEL.
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Solving for the point of intersection gives:

2 2 2
y + (pT-W/2) =p ,
]

Y17 %2 —(p.l.—w/2> 2 .

And the angle covered is:

ap, = fdn-] [y] /(pT- W/Z):I ifp >pT -w/2

=0. ifpSpT—w/Z

Then,

1]

COVERAGE/CIRCUIT = 2 (A(p] / @,
2 (Aqo] /lkn/fn

Ifn/anAgo]/'rr .

2q,
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APPENDIX D

COMPUTER PROGRAMS

Fortran Program

The geodesic program consists of two main programs and 17 subroutines. In addition,
the plotting routines described here utilize several subroutines written for the Gerber
Scientific Plotter.

The subroutines are called by one of the main programs. Main program DESIGN s
utilized when computing and plotting geodesic characteristics. Main program
DEVPLT is used for plotting geodesics on a developed surface. The deck arrange-
ments for the two operations are shown in Figures D-1 and D-2. Flow sheets of
these two main programs are shown in Figures D-3 and D-4. The 17 subroutines
are described in the sections that follow.

Subroytine PARMET - This routine computes various parameters for the conical and
cylindrical sections that make up the surface. The parameters are stored and used
by other routines called.

Subroutine DEVELP - This routine plots the developed surface.  Certain parameters
computed in this routine are utilized by the subroutine which plots a geodesic on
the developed surface.

Subroutine DELTHA - This routine determines the delta theta (mandrel rotation) in
each conical and cylindrical section and the total rotation for one circuit.  The
length of filament laid down in each section is also computed. The subroutine
argument is the geodesic number.

Subroutine NOCIRC - Thisroutine computes the number of circuits and the number of
patterns necessary to lay down a given thickness at a desired parallel. The first
argument of NOCIRC is the geodesic number. The second argument is a flag speci-
fying which of two approaches should be used in determining the number of circuits
per pattern. [f the flag equals zero, the number of circuits per pattern will be such
that one pattern will give the desired thickness of the given parallel. If the flag is
one, the number of circuits per pattern will be determinedsoas toproduce complete
coverage at the specified parallel. The number of patterns necessary to buildup
the thickness will then be computed. Since the specified initial helix angle will
not likely produce a geodesic having the desired number of circuits per pattern,
the third argument of NOCIRC is a flag specifying which of two options shouldbe
taken in computing the geodesic. If the flag is zero, the initial helix angle is ad-
justed to produce a geodesic having the desired number of circuits per pattern. If
the flag is one, the geodesic is distorted to obtain the number of circuits per pattern
that is wanted.
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Data Cards

_/ *Data
/ Gerber Routines

Subroutine  CNPL@T

Subroutine SUMPLT

Subroutine THPLOT

Subroutine  ANGLPL

Subroutine RZPLGT 4‘

Subroutine N@FACT

Subroutine AXPLOT
Subroutine DIVSUR Hi

Function IGC

Subroutine ADJUST

Subroutine -ISE>LWTHA
‘ Subroutine  PARMET
Main Program DESIGN

/ Monitor Cards

Figure D-1. CARD-DECK ARRANGEMENT FOR COMPUTING GEODESICS AND PLOTTING THEIR
CHARACTERISTICS.
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Gerber Routines “H ‘
Subroutine SHIFT !

Subroutine GE@PLT

Data Cards 1
f *Data ‘

Subroutine DEVELP

Subroutine PARMET

Mcun Progrcm DEVPLT

Subroutine ADJVUST '

|

\

Monitor Ccrds l

Subroutine DELTHA

Figure D-2. CARD-DECK ARRANGEMENT FOR COMPUTING AND PLOTTING GEGCDESICS ON A DE-
VELOPED SURFACE.

Subroutine GEOPLT - This routine plots a geodesic on the developed surface. The

arguments of GEOPLT are the geodesic number and the number of circuits to be
plotted.

Subroutine DIVSUR - This routine computes at surface parallels, the helix angle at
the parallel for each geodesic, the thickness produced by each geodesic, and the
total thickness at the parallel. These values are written on magnetic tape for use
by the plotting routines. The argument of DIVSUR is the interval along the contour
at which the above described values will be computed.

Subroutine RZPLOT - This is the routine for plotting R and Z versus S (normalized).
The first two arguments of the subroutine are the x and y coordinates of the origin
for the plot. The third and fourth arguments are the lengths of the x and y axes,
respectively.
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) ©

ik,
-

Read: Title, Points Defining the
Surface, and Plotting Flags

< Compute Section Parameters >

Read: Initial Conditions for
Geodesic and Band Dimensions

v irsf N
= Geodesic 2

?

Is Desired
hickness Just for This
Geodesic or is it
umulative?2

Cumulative

_ This Geodesic Only

Y

Compute Thickness Resulting
from Previous Geodesics
- J
\

Compute Geodesic to Produce Desired
Thickness at the Specified Point

Last

No Geodesic Yes
?
lots
No Wanted Yes
? Y
Produce Punched Tape
to Draw Plots
_ . |
/

Figure D-3. FLOW SHEET OF THE MAIN PROGRAM "DESIGN'.

Subroutine ANGLPL - This routine plots the helix angles versus S. The four argu-

ments are the same as those of subroutine RZPLOT.

Subroutine THPLOT - This is the routine for plotting the thickness for a single geo-
desic versus S. This is a normalized plot with the thickness normalizedwith respect
to the maximum thickness resulting from all of the geodesics. The first argument of
THPLOT is the geodesic number. The next four arguments are the same as those of
RZPLOT.




>y

Y
Read: Title and Points
Defining the Surface

<Compufe Section Parameters >

Produce Punched Tape to
Draw Developed Surface

\

/

Read: Initial Conditions for Geodesic,
Advance, Number of Circuits Per
Pattern, and Number of Circuits

to be Drawn

V

Compute One Circuit
of Geodesic

No Number Yes

49

of Circuits Per Pattern
Specified |
?

Compute New Geodesic Having
Desired Number of Circuits Per Pattern

"

\

Produce Punched Tape to Draw
Geodesic on the Developed Surface
No A Yes
Geodesic
? é

Figure D-4, FLOW SHEET OF THE MAIN PROGRAM "DEVPLT".

Subroutine SUMPLT - This routine plots the total thickness (normalized) resulting
from all of the geodesics. The four arguments are the same as those of RZPLOT.

Subroutine CNPLOT - This is the routine for plotting the contour of the surface as
it appears after the wrap. The first two arguments of CNPLOT are the origin for the
plot. The third argument is the desired scale of the X (or Z) axis; the fourth is the

scale of the Y (or R) axis.
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Subroutine PERCOV - This routine is called by subroutines NOCIRC and DIVSUR
to compute, at a given parallel, the coverage per circuit of the goedesic and the
helix angle occurring at the parallel. The first argument of PERCOV is the radius
of the part at the parallel. The next argument is the number of the section in which
this parallel lies. The third argument is the geodesic number. The routine returns
the coverage per circuit, which is the fourth argument, and the helix angle at the
parallel, which is the fifth argument.

Subroutine ADJUST - This routine is called by NOCIRC to adjust the initial helix
angle in order to obtain a geodesic having a predetermined number of revolutions
per circuit. Thefirst argument of ADJUST is the geodesic number. The second
argument is the desired number of revolutions per pattern, and the third is the de-
sired number of circuits per pattern. The fourth argument is the number of revolu-
tions per circuit of the geodesic as initially specified. The fifth argument is the
maximum difference thatwill be allowed between the number of revolutions per cir-
cuit of a new geodesic and the revolution per circuit desired. The sixth argument
of ADJUST is a flag indicating to the calling program whether or not a geodesic
could be found having the desired number of revolutions per circuit.

Subroutine  NOFACT - This subroutine, called by NOCIRC, checks two integers
for common factors. If the integers are found to have common factors, one f(or)
both is altered to obtain new integers having no common factors. The two argu-
ments of NOFACT are the two integers involved.

Function IGCD - This is a Fortran function for determining the greatest common
divisor of two integers. This function is called by subroutine NOFACT. The two
arguments are the two integers whose greatest common divisor is desired.

Subroutine SHIFT - This routine is called by subroutine DEVELP if, when plotting
the developed surface, two of the sections overlap. The first argument of SHIFT
is the section number. The second argument, computed by the subroutine, is the
amount of shift necessary to prevent the section from overlapping.

Subroutine  AXPLOT - This routine, called by the various routines for plotting
geodesic characteristics, is an axis generator. lts purpose is to draw and label the
axes for a plot. The first two arguments are the x and y coordinates of the origin
for the plot. The third and fourth arguments are the length of x and y axes, re-
spectively. The fifth and sixth arguments are the divisions per inch, on the x axis
and y axis, to be marked. The seventh and eighth arguments are the length each
division represents (x and y axes). The ninth and tenth arguments specify which
divisions are to be labeled; ie, if this number is one, every division will be label-
ed; if two, every other division will be labeled, etc. The eleventh argument is a
flag indicating the size of letters to be used in labeling the axes. Thetwelveth
and thirteenth arguments are the names of the x and y axes, respectively.
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Input Format for the Main Program DESIGN

The input format for computing a geodesic and plotting its characteristics is shown
in Figure D-5. The first card of the input is a title card containing alphanumeric
information. The next card states the number of points to be used in defining the
contour of the surface. The points defining the surface (rp, Zn) are then given in
order of increasing z, where z is the axis of revolution of the surface. The next
card contains the plotting flags, one flag for each type plot available. Also in-
cluded on this card is the interval along the surface contour (step length) at which
thickness and helix angle are to be computed and plotted. (If all of the plotting
flags are zero, thickness and helix angle will not be computed at all.) The scale
of the final contour plot (1.0 = full scale, .5 = half scale, etc ) is also included
on thiscard. The next card indicates the number of geodesics to be wrapped. Then
finally there is one card specifying each geodesic. This card contains the initial
point of the geodesic (rg and/or zj is needed), the initial helix angle (this could be
900 if the initial point is the turnaround point), the desired thickness at a specified
point (r and/or z needed), the band dimensions, and three flags. The first flag in-
dicates which option is to be used in determining the number of circuits per pattern
(Options 1 and 2). The second flag indicates whether a new geodesic having the
desired circuits per pattern is to be found (adjust) or if the computed rotation of the
geodesic is to be linearly distorted (distort) to produce the desired number of circuits
per pattern. The final flag indicates whether the desired thickness is tobe produced
by the current geodesic alone or if it is the cumulative thickness of this and all prior
geodesics.

Input Format for the Main Program DEVPLT

The input format for computing geodesics and plotting them on a developed surface
is shown in Figure D-6. The format for the surface definition is identical to that
used in main program DESIGN. One card is needed to specify each geodesic to be
drawn. This card contains the initial radius (ro), the initial helix angle (ozo), the
advance per pattern, the number of circuits per pattern, and the number of circuits
to be drawn. If the number of circuits per pattern is specified, a new geodesic will
be computed (if necessary) to obtain one having the desired number of circuits per
pattern. If this field is left blank, the geodesic as specified will be plotted.

Output of the Main Program DESIGN

Output of the main program DESIGN and its subroutines consists of the following:

(1) The alphanumeric information on the title card;
(2) The initial conditions for the geodesic;
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(3) Computed data for the geodesic which includes the geodesic number, the
number of circuits necessary to produce the desired thickness, the number
of patterns needed, the number of circuits per pattern, a ratio of integers
which is the ratio of revolutions per pattern to circuits per pattern (ie,
the number of revolutions per circuit), the computed thickness at the
specified point resulting from this geodesic, and the parallels at which
turnaround occurs;

(4) The distortion factor (the computed rotation is multiplied by this factor
to achieve a wrap having the desired number of revolutions per circuit);

(5) The rotation (delta theta) and length of filament to be laid down in each
conical and eylindrical section during one-half circuit; and

(6) The total rotation (degrees) and total length of filament for one circuit.

Output of the Main Program DEVPLT

Output of the main program DEVPLT and its subroutines consists of the following:

) The alphanumeric information on the title card;

) The initial conditions for the geodesic;

) The rotation and filament length for one circuit;

) Aratio of integers which is the ratio of revolution per pattern to cir-
cuits per pattern;

(5) The parallels at which turnaround occurs; and

(6) The rotation and filament length in each section for one-half circuit.

APT Program

The APT program represents the initial efforts on this project. Due to the limited
amount of storage available in APT, this approach was abandoned and the Fortran
program previously described was undertaken. Therefore, the APT program is
limited to computing a geodesic and plotting it on the developed surface. The in-
put to the program is a point definition of the contour to be wrapped. The 19 re-
served words should be dimensioned at least as large as the number of pointsde-
fining the contour.

MAC1 — This routine, utilizing the point definition of the surface contour, defines
the developed surface and computes various section parameters. The argument of
MACT, M, is the number of points defining the contour.

MAC2 — This is the routine for plotting the developed surface. The argument, M,
is again the number of points defining the contour.

MAC3 — This routine computes, for an initial helix angle and radius, one circuit
of the geodesic. The initial helix angle is adjusted (if necessary) fo produce a
geodesic having a specified number of circuits per pattern. The first argument of
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MAC3, RO, is the radius of the initial point. The second argument, AZERO, is
the initial helix angle at the starting point. The third argument, PRIME, is the de-
sired number of circuits per pattern and should be a prime number. [f other than a
prime number is specified, the program could determine a geodesic having fewer
circuits per pattern than desired. The fourth argument, M, is the number of points
defining the surface contour. The final argument, EPS, is the maximum allowable
difference between the number of revolutions per circuit of the computed geodesic
and the revolutions per circuit desired. This value will normally be small. How-
ever, if the user does not want the initial helix angle altered, a large value (say,

EPS = 1) should be used.

MAC4 — This is the routine for plotting the geodesic on the developed surface. The
first argument, TZERO, is the starting value of theta, 8,5. The second argument,
J, is the section in which the plot will originate. The third argument, NUMBER,
is the number of circuits to be drawn. The plot will begin at the left side of section
J, proceed to the right, and terminate at the right hand side of section J-1. I[f the

value specified for NUMBER is the same as that specified for PRIME in MACS3, the
geodesic will return to its starting point (ie, complete one pattern).

A limited amount of program output appears after subroutine MAC3 has been ex-
ecuted. The parameters printed out are:

(1) Pass - The number of iterations of the initial helix angle to get desired number
of circuits per pattern;

(2) Del - The difference between the desired number of revolutions per circuit and
revolutions per circuit actually obtained;

(3) Rvn - revolutions per circuit obtained with adjusted initial helix angle;
(4) Integer - the integral part of Rvn;

(5) Fract - the fractional part of Rvn;

(6) Partn - the fractional part of desired number of revolution/circuit;

(7) N - the numerator of (N/PRIME) which results in the value of Partn;

(8) Alpha - the adjusted initial helix angle;

(9) Tsum - the rotation for one circuit in degrees;

(10) Cons - the constant of integration, ro sin g (also radius at turnaround);

(11) L - the upper turnaround section;
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(12) | - The lower turnaround section;
(13) Dtheta(n) - the rotation occurring on section n in one-half circuit (in degrees);

(14) Dbeta(n) - the angle traversed on the developed surface of section n (one-half
circuit); and

(15) Fingth(n) = the length of filament on section n (one-half circuit).

Program Listing

The two main programs and the 17 subroutines previously described are listed below.
Following this Forfran list is a listing the the APT macros.




*LABEL

CDESIGN MAIN DESIGN PROGRAM FOR WINDING GEODESICS
DIMENSION R(100D)sZ(1000)sAK(1000)sF(1000)sX1(1000)sTITLE(12)
IROCI0D) »Z20(100) s ALPHAO(100) »CONS{I00D) sW(IQD)sD( 100y sTHICK(10D) s
2RTUIDD) >ZT (100 sNC100) sDTHETA(10D0D) s FLNGTH(1000)
COMMON MsRsZsAKsFsX| sNOGEODSROsZOsALPHAOSCONS sWsDs THICK sNCsRT 2T
FSMAX s RMAX s ZMAX s THMAX s JJ s TITLE 3P I s DTHETASFLNGTH s TSUMs FLSUMsNHIGH »
2 NLOW » DISTRT s ADVNCE s SHAFT| s SHAFT2
COMMON AA, BB, CCs DFEL, DELRHO, NSTART
COMMON LLL 4 RHOMINs FR s TMIN
Pl # 3.14159265

REWIND 8
5 READ INPUT TAPE 5 » 1000 s ( TITLE(K) s K # 1, 12 )
1000 FORMAT ( 12A6 )

READ INPUT TAPE 5 » 10IN0 o M
1010 FORMAT ( 14 )
READ INPUT TAPE 5 s 1020 » ( R{(N) » Z(N)s N ¥ | s M)
1020 FORMAT ( 6F 1246 )
READ INPUT TAPE 5 s 1030 » ITHICK » ISUM, IANGLEs ICON,STEP, SCLE
1030 FORMAT ( 413 s 2F6e3 )
CALL PARMET
READ INPUT TAPE 5 s 1010 » NOGEOD
DO 100 1 # 1 s NOGEOD
READ INPUT TAPE S » 1050 s RO(I)s ZO(I1)sALPHAO(I)sTHICK(I)s RT(I)»
I ZT(I)Ys W(I) » D(I) » KK 5 LA 4 KTHICK
1050 FORMAT ( 2F 12,6 s 2F6e3 s 2F1246 s 2F6e3 s 312 )
WRITE OUTPUT TAPE 6 , 1080 » ( TITLE(K) 5 K # | 412 )
1080 FORMAT ( IH) » 12A6 )
WRITE OQUTPUT TAPE 6 » 1090

1090 FORMAT ( 111HO INITIAL INITIAL HELIX DESIRED AT PO
TINT BAND BAND CIRC/PAT ADJUST THICKNESS /
2 108H R Z ANGLE THICKNESS R zZ
3 WIDTH THICKNESS FLAG FLAG FLAG )

WRITE OUTPUT TAPE 6 » 1100 » RO(IY » ZOUI) » ALPHAO(I) , THICK(I),
I RTLIY » ZT(I) » W(I) » D(I) s KK » LA » KTHICK

1100 FORMAT ( 1HO » 8F 10«4 » 318 )
IF 1 -1 95 » 95 » IO
0 IF ( KTHICK ) 95 5 95 4 15
15 IF ( ZT(1) ) 20 » 20 » 70
20 IF ( RT(Iy ) 25 » 25 5 50
25 WRITE OUTPUT TAPE 6 s 2000 » 1

2000 FORMAT (31HO(RTs2T) NOT GIVEN FOR GEODESIC s I3,13H (R0O»20) USED )
IF ( zOo(Iy ) 3N s 30 s 40
30 IF ( RO(I} ) 35 5 35 5 45
35 WRITE OUTPUT TAPE 6 s 2010 » 1
2010 FORMAT { 44HDSTARTING STATION NOT SPECIFIED FOR GEODESIC s I3 »
1 16H CANNOT COMPUTE )
Go To 100
40 2ZT(1) # Z0(1)
RT{I) # RO(1I)
GO To 70
45 RT(I) # RO(I)
50 CONTINUE

57




58

DO 55 N # 2 » M
IF ( RT(I) - R(N)Y ) 65 » 60 s 55
55 CONTINUE
WRITE OUTPUT TAPE 6 » 2020 » 1
2020 FORMAT ( 38HOCOULD NOT LOCATE (RT,ZT) FOR GEODESIC » I3 » I7H THIS
! ONE SKIPPED )
GO TO 100
60 N # N + |
65 NTH # N - |
GO TO 84
70 CONTINUE
DO 72 N # 2 s M
IF ( 2ZT(I)Y = Z(N)Y ) 78 s 76 » 72
72 CONTINUE
IF ( RT(IY ) T4 74 s 50
74 WRITE OUTPUT TAPE 6 » 2020 » 1
GO TOo Inn
76 N # N + |
78 NTH # N - |
IF ¢ RT(L) ) 82 82 » 84
82 RT(I) # AK(NTH) * ( ZT(1) — Z(NTH) ) + R(NTH)
84 CONTINUE
IMI # 1 - |
DO 88 K # | » IMI
CALL PERCOV ( RT(I) » NTH » K » PERCNT , HANGL )
TK # FLOATF { NC(K) ) * D(K) * PERCNT
THICK(I) # THICK(I) -~ TK
88 CONTINUE
IF { THICK{I) ) 90 s 90 s 95
90 NC(IY # 0O
WRITE OUTPUT TAPE 6 » 2030 » I

-

-

2030 FORMAT ( [I3HDFOR GEODESIC » I3 » 87H THICKNESS BUILT UP BY PREVIOU
1S LAYERS EXCEEDS DESIRED THICKNESS -~ THIS ONE NOT NEEDED )
GO TO 100

95 CONTINUE

CALL NOCIRC ( Is KK » LA
100 CONTINUE

IF ( ITHICK + ISUM + IANGLE + ICON ) 250 » 250 » 120
120 IF ¢ STEP ) 130 » 131 » 140
130 STEP # 05N
140 CALL DIVSUR ( STEP )

X0 # 0.0

YO # 0.0

IF ( ITHICK + ISUM + IANGLE ) 210 » 210 » 142
142 CONTINUE

XL # 5.0

YL # 5.0

CALL RZPLOT ( X0, YOs XL » YL )
IF ( TANGLE ) 160 s 160y 150

I50 CALL ANGLPL ( X0s YO, XL » YL )
160 CONTINUE

IF ( ITHICK ) 190 » 190 5 |70
170 DO 180 1 # | » NOGEOD
180 cALL THPLOT ( I, XO, YO, XL,y YL )
190 CONTINUE




IF ¢ ISUM )y 210 s 210 s 200
200 CALL SUMPLT ( XOs YOs XL s YL )
210 CONTINUE

IF ¢ ICON ) 250 » 250 » 22N
220 IF ( SCLE ) 230 s 230 » 24D
230 SCLE # o5
240 CONTINUE

CALL CNPLOT ( XO, YOs SCLEs SCLE )
250 CONTINUE

END FILE 8

GO TO0 5
END.
*LABEL
CDEVPLT MAIN PROGRAM FOR PLOTTING GEODESIC ON DEVELOPED SURFACE

DIMENSION R(1000)sZ(1000)sAK(ICO0YsF(1000)sX1(1000)sTITLE(12)
IRO(100)sZ0(100) sALPHAO(100) sCONSCIQD) sW 100 sD( 100 sTHICK(100) s
2RTOID0) sZT(10N0) aNCUIND) s DTHETA L 1ONN) o FLNGTH( 1 DOD)

COMMON MsRsZsAKsF 93X | sNOGEODsROsZ0O s ALPHAOSCONS sWsDs THICK sNCoRTZT
| SMAX s RMAX s ZMAX s THMAX s JJs TITLE yPIsDTHETA sFLNGTH» TSUMsFLSUM, NHIGH »
2 NLOW s DISTRT s ADVNCE s SHAFT| » SHAFT2
COMMON AA, BB, CC, DEL, DELRHO, NSTART

COMMON LLL , RHOMIN, FR s TMIN

PI # 3414159265

REWIND 8

ID READ INPUT TAPE 5 » 1000 s ( TITLE(K) » K # 1s 12 )
1000 FORMAT ( 12A6 )
READ INPUT TAPE 5 4, inin » M
101D FORMAT ( 14 )
READ INPUT TAPE 5 » 1020 s ( R(N) s ZIN) s N # | s M)
1020 FORMAT ( 6F12.6 )

READ INPUT TAPE 5 , 10ln s NOGEOD

CALL PARMET
CALL DEVELP
DO 200 I # | s NOGEOD

READ INPUT TAPE 5 s (030 s RO(I) s ALPHAO(I)s ADVDEGs NCPERPs NUM

1030 FORMAT ( 3F12.6 s 216 )
DO 20 N #2 s M
IF ( RO(I) -~ R(N) ) 40 s 30 5 20
20 CONTINUE
WRITE OUTPUT TAPE 6 » 2000 s I
2000 FORMAT ( 52HOQ COULD NOT DETERMINE STARTING SECTION FOR GEODESIC »
i I3 5, 20H 5 THIS ONE SKIPPED )
GO TC 20N
30 N # N + |
40 NSTART # N - |
IF ( AK(NSTART)) 50 » 60 » 50
50 ZO(1) # ( RO(I)y — RINSTART) ) / AK(NSTART) + Z{(NSTART)
GO To 70
60 20(1) # Z(NSTART)
70 CONTINUE

CALL DELTHA(I)

NLOW # NLOW

NHIGH # NHIGH

59




60

IF ( NCPERP ) 145 s 145 » 80
80 RVN # TSUM / 360.0 -
INTGR # RVN
FRACT # RVN = FLOATF (INTGR)
NB # NCPERP
ANB # NB
ADVNCE # ADVDEG / ( ANB ¥ 360.0 )
N # 1
AN # 1.0
PARTN # 1.0 / ANB
90 AN # AN + 1.0
N # N+ I
PARTN| # PARTN
PARTN # AN / ANB

IF ( FRACT - PARTN ) 110 » 150 » 100
a0 IF (. N - NB + | ) 90 » 130 » 130
110 IF ( ABSF( FRACT-PARTN) - ABSF( FRACT-PARTNI) ) 130 130 » 120
120N # N = | :

PARTN # PARTNI
130 CONTINUE
NA # N
EPS # 00000t
NAA # NB # INTGR + NA
CALL ADJUST ( I s NAA s NB s RVN s EPS » LL }
NLOW # NLOw
NHIGH # NHIGH
IF ( LL ) 150 » 150 s 140
140 WRITE OUTPUT TAPE 6 » 2010 » I » ALPHAO(I) s RO(I)
2010 FORMAT ( 28H0 ¢OULD NOT ADJUST GEODESIC » 13 5 53H » THEREFORE PL
10T IS FOR GEODESIC HAVING HELIX ANGLE s F6.3s IIH AT RADIUS sF643)
145 NA # 0
NB # O -
INTGR # 0O
ADVDEG # N.0
150 CONTINUE

ZILOW # ( CONS(I) — R(NLOW) ) / AK{NLOW) + ZINLOW)
ZHIGH # ( CONS(I) - R(NHIGH ) )} / AK(NHIGH) + Z(NHIGH)
WRITE OUTPUT TAPE 6 » 2020 s ( TITLE(K) o K # | s 12 )
2020 FORMAT ( [H1 s 12A6 )
WRITE OUTPUT TAPE 6 » 2030
2030 FORMAT ( 93HOGEODESIC HELIX AT ADVANCE TOTAL FILAM
FENT INTEGERS TURNAROUND STATIONS / :
| 99H NUMBER ANGLE RADIUS PER PAT ROTATION LENGTH N +
3A / B RADIUS Z LOWER Z UPPER )

WRITE OUTPUT TAPE 6 » 2040 s Is ALPHAO(I) » RO(I)s ADVDEG s TSUM
| FLSUM s INTGR 5> NA s NB » CONS(I) » ZLOW 5 ZHIGH
2040 FORMAT ( IHO » 14 » 5F10e3 » 314 » 3FI0e3 )
WRITE OUTPUT TAPE 6s2050s ( NsDTHETA(N) sFLNGTH(N) sN#NLOWsNHIGH )
2050 FORMAT ( |HD / 39HO SECTION DELTA THETA FILAMENT LENGTH /
I € IH s 14 s 2F1646 ) )
WRITE OUTPUT TAPE 6 » 2060 » TSUM » FLSUM
2060 FORMAT ( 8HOCIRCUIT » FI3.6 » Fl6e6 )
IF ( NUM ) 160 » 160 » 170
160 NUM # 1 -
170 CONTINUE




CALL GEOPLT ( I , NUM)
200 CONTINUE

GO 70 10
END

*LABEL

CPARMET COMPUTE SECTION PARAMETERS
SUBROUTINE PARMET
DIMENSION R(1000)sZ(1000)sAK{1000)sF(1000)sX1(1000)sTITLE(I2)
IRO(100) sZ00100)sALPHAOCC10D) sCONSCI0D) sW(ILO) sD(ID0) s THICK(1DO) »
2RTOIO0) »ZT(100) sNC(100) s DTHETAL1000) sFLNGTH( 1 000)
COMMON M3sRsZsAKsF s X| sNOGEODSROsZOs ALPHAOSCONS sWsDs THICK sNCsRT »Z Ty
1 SMAX s RMAX 9 ZMAX s THMAX 9 JJ s TITLE sP I sDTHETASFLNGTH» TSUMsFLLSUMs NHIGH »
2 NLOW » DISTRT s ADVNCE s SHAFTI! s SHAFT2
X1{1)y # 0.0
MM # M -~ |
RMAX # RI(])
DO 1200 N # | » MM

IF ( ABSF( Z{(N) - Z(N+1)) - ,000! ) 1010 » 1010 s 1040
foio IF ( RON+)) = RIN) ) 1p2n s 1020 » 1030
1020 AKIN) # = { 1.0E 20 )

GO TO 1035

1030 AK(N) # 1.0 E 20
1035 F(N) # 1.0 E 20
X1(N+1) # X1(N) + ABSF( R(N+l) - R(N) )
GO TO 1200
1040 AKINY # € R(N+1) = RIN) ) / ( ZIN+1) = Z(N) )
IF ( ABSF( AK(N) ) - 000t ) 1050 s 1050 » 1100
1050 AK(N) # D.0
1100 FIR) # SQRTF( 1enN + AK(N)*%2
XIAN+1)Y #  XI(N)Y +  ( Z(N+1) = Z{(N) ) * F(N)
1200 RMAX # MAXIF ( R(N+!) s RMAX )
ZMAX # Z(M)
RETURN
END
*LABFL

CDEVELP
SUBROUTINE DEVELP
DIMENSION R(1000)sZ(1000)>AK(1000)sF(1000)sX1(1000)sTITLE(I2),
IRO(IDDO)sZ0(100) s ALPHAOC( 100) »CONSLIDO) sWI10D) sD(100)sTHICK(10D) s
2RTLID0D) »ZT010D) sNC(1D00)sDTHETA(1000) sFLNGTH( 1000)
DIMENSION RI(100)sR2(100)sPHI(ID0) sXC( 100)
COMMON MsRsZsAKsF sX | sNOGEODSRO$Z0Os ALPHAOSsCONS sWaDs THICK sNCsRTSZTs
I SMAX s RMAX s ZMAX s THMAX 3 JJ s TITLE sPI s DTHETAsFLNGTHs TSUMs FLSUMs NHIGH »
2 NLOw , DISTRT 4 ADVNCE , SHAFTI s SHAFT2
COMMON  AA,BB,sCC,DEL4DELRHOsNSTART
COMMON LLL s RHCMIN s FR » TMIN
COMMON Rl 4 R2 s PHI , XC
SHIFTI # D.0
MI # M -
DO 200 N # | » MI
IF { AKIN) ) 10 s 40 » 70
10 FOK # — F(N) / AK(N)
RI{N) # R(N+l) * FOK

61
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20
30
40
50

60

70

8D
90

100
200

[veliveliuviies)

220

230
240
250

260
270
280
300

*LABEL

R2(N) # R(N) * FOK
PHI(N) # 360.0 / FOK
XCIN) # X1(N) + R2(N)
IF { AK(N) - AKIN-1) -
CALL SHIFT ( N » SHIFT2
SHIFT! # SHIFT| + SHIFT2
XC(N) # XC(N) + SHIFTI
GO TO 200

R2(N) # 2.0 * P1 * R(N)
IF ( AKIN=1) )} 50 s 60
CALL SHIFT ( N » SHIFT2
SHIFT| # SHIFTI + SHIFT2
XCUN) # X1(N) + SHIFTI
RICN) # XI(N+1) + SHIFTI
GO TO 200

FOK # FIN) /7 AK(N)
RI(N) # RI(N) * FOK
R2(N) # RU(N+1) * FOK
PHI(N) # 36N.0 / FOK
XCIN) # X1(N) = RI(N)
IF (N - 1) 100 s 100
IF ( AKI(N) - AK(N=1) -
CALL SHIFT { N » SHIFT2
SHIFTI # SHIFT| + SHIFT2
XC(N) # XC(N) + SHIFTI
CONTINUE
TITLE(T) ¥ 242565254346
TITLE(S) # 472524606264
TITLE(9) # 512621232560
TITLE(ID)# 47434663536N
CALL SETUP { TITLE )
CALL PLOT ( 0.0 » 00 »
DO 300 N # | s MI
IF  AKIN) )y 220 »
CALL CIRCLE ( XC(N)
IF ( RI(NY - .Q000OO1 )
CALL CIRCLE { XCIN) »
GO To 300
CALL PLOT
CALL PLOT
CALL PLOT
CALL PLOT
Go To 300
IF ( RI(N) - .00000!
CALL CIRCLE ( XC(N)
CALL CIRCLE ( XC(N)
CONTINUE

CALL PLOT ¢
CALL FINISH (
END FILE 8
RETURN

END

250

XCINY » N0

XC(N)Y »

RIIN) »
’

R1(N)

OeN »
30 »

N0

.008001 )

)

1

)

14

~000oal

}

s

L4 D.D
240
0.0

1
R2{N)
’
|

TITLE

30 s 30 »

60

80

o0 » 100

s 2 )

260

s R2{N) »
240 »
» RI(N) »

|80¢D ’
230
180.0 -

s

—_—- e N
—

. - — -

270
D.D ’

R2(N) » PHI(N)

)

20

s 90

— PHI(N) »

PHI (N)

PHI(N) » -1
sy = PHI(N)

)
’

)

s PHI(N)

)

’

)




CDELT

95
98

100
110

120

125
126

122

HA COMPUTE DELTA THETAS FOR GEODESIC 1

SUBROUTINE DELTHA ( I )

DIMENSION R(10001)-Z(1000)sAK{1000)sF{(1000)sX1(1000)sTITLE(I2)
IROU100)»Z20(|00) sALPHAC(|00) sCONS(1Q00) oW 100)sD(100)sTHICK( 10D)»
2RTO1I00) sZTL100)sNCt100) sDTHETALI0D0) sFLNGTH( 1 D0D)

COMMON M»s>RsZ sAKsF X1 sNOGEODSROsZO s ALPHAOSCONS sWsD s THICK sNCosRT 92T

I SMAXsRMAX s ZMAX s THMAX s JJs TITLEsP T sDTHETAsFLNGTH s TSUMs FLSUMs NHIGH »
2 NLOW s DISTRT s ADVNCE s SHAFTI| s SHAFT2

CONV # 1800 / PI1

CONS(I) ®¥ ROUI) % SINF ( ALPHAO(I) / CONV )

DO 2N N # 2 » M

IF ( Z0(I) - Z(N) ) 40 s 30 » 20
CONTINUE

IF { ALPHAO(I) - 90.0 ) 38 » 33 , 38
IF { AK(N)Y ) &4p » 40 » 38

N # N + |

NSTART # N - 1

IF ( CONS(IY - R(t1) ) 150 » 45 y 45

J # NSTART + |

J # J - |

IF ( R{J) - CONS(1}) ) 60 » 60 s 50

NLOW # J

IF { CONS(I) = R(M) ) 150 » 70 » 70

J # NSTART

JH#A I+

IF ( R(J)Y = CONS(I) ) 9N s 90 s 80

NHIGH # J - |

FOK # F(NLOW) / AK(NLOW)

NL 1T # NLOW + |

TERM # ( R(NLJ) / CONS(1) )*%¥2 — |,.n

IF { TERM ) 92 , 92 » 95

ASEC2 # 0.0

GO TO 98

ASEC2 # ATANF ( SOQRTF ( TERM ) )

DBETA # ASEC2

DTHETA(NLOW) # FOK * DBETA * CONV
FLNGTHINLOW) # RI(NL{) * FOK * SINF( DBETA )
NH1 # NHIGH -~ |

IF € NHt = NLIT ) 135 » 100 » 100

DO 130 N # NLI! s NHI

IF ( AK(N) 120 » 110 ¢ 120
DBETA#CONS(I)I*¥(Z(N+1)=2Z(N)) / (RIN)*SQRTF(R(N)#%¥2 — CONS(])*¥#2))
DTHETA(N) # DBETA * CONV

FLNGTH({N) # SQRTF(( Z(N+!1)=Z{(N))*¥%2 4+ (R(N)¥DBETA)*%2 )
GO To 130

FOK # ABSF( F(N) / AK(N) )

ASEC| # ASEC2

TERM # ( R(N+1) / CONS(I) )¥¥2 — |,.Q
IF (. TERM ) 122 5 122 » 125

ASEC2 # 0.0

GO TO 126

ASECZ # ATANF ( SQRTF ( TERM y
DBETA # ABSF ( ASEC2 - ASECI )
DTHETA(N) # FOK * DBETA ¥ CONv
RN2 # R(N) % FOK
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127

129
130
135

140

150

RN2 # RIN+1) * FOK

TERM # RN2#%2 4+ RN3%*¥2 - 2.0 * RN2 # RN3 * COSF ( DBETA )
IF ¢ TERM ) 127 » 127 » 129

FLNGTH{N) # NeN

GO TO 130

FLNGTH(N) # SQRTF ( TERM )

CONTINUE

CONTINUE

FOK # ABSF { F(NHIGH) / AK(NHIGH) )

DBETA # ABSF ( ASEC2 )

DTHETA(NHIGH) # FOK %* DBETA ¥ CONvV
FLNGTH(NHIGH) # FOK #* R(NHIGH) * SINF (DBETA)
TSUM # MNaN

FLSUM # NN

DO 140 N # NLOW » NHIGH

TSUM # TSUM + DTHETA(N)

FLSUM # FLSUM + FLNGTH(N)

TSUM # 20 % TSUM

FLSUM # 2.0 * FLSUM

GO TO 160

CONS(I) # MAXIF ( RU1) s R(M) )

ALPHAO(I) # ATANF( CONS(I)/ SQRTF( RO(I)%¥%2 - CONS({I)*%2) ) ¥ CONV
WRITE OUTPUT TAPE 6 » 8000 s I » ALPHAO(I)

8000 FORMAT ( 33HO0 TURN-~AROUND RADIUS FOR GEODESIC +I3 » 56H IS LESS T
JHAN R{[) OR R{M) - STARTING ANGLE CHANGED TO s Fi0.6 )
GO TO 45

160 CONTINUE

RETURN
END

¥LABEL

CNOCIRC COMPUTE NUMBER OF CIRCUITS TO GIVE THICKNESS
SUBROUTINE NOCIRC (1 » KK » LA )

C

C 1 IS GEODESIC NUMBER

C KK 1S OPTION IN DETERMINING NUMBER OF CIRCUITS PER PATTERN

C LA IS OPTION TO ADJUST STARTING ANGLE OR DISTORT GEODESIC

C

10
1400

20
30

410

DIMENSION R 1D00)sZ(1000)sAK(1000)sF(1000)sX1(1000)sTITLE(12)
lRO(IUU)QZO(IDD)’ALPHAO(|UU)9CONS(|DD)9W(|UU)’D(IUU)QTHICK(|DD)9
JRT(I00) sZ2T(100) sNC(100)sDTHETAC1000) »FLNGTH(100D)

COMMON MyRsZsAKsF s X1 sNOGEODsRO 705 ALPHAO s CONS sWsDs THICKSNCHsRTSZ T
|SMAX,RMAX9ZMAX’THMAX)JJ9TITLE’PI9DTHETA9FLNGTH9T5UM9FL5UM9NHIGH9
2 NLOW » DISTRT s ADVNCE » SHAFTI s SHAFT2
PGLASS # 1.0

IF € DOIY ) 10 » 10 » 20

D(I) # <0ONI

WRITE OUTPUT TAPE 651400 » I

FORMAT ( 38HO DIAMETER OF ROVING FOR GEODESIC » 13 » 23H NOT GIVE
IN -~ 001 USED )

IF ( W(I) ) 30 s 30 s 40

W{I) # .1
WRITE OUTPUT TAPE 6 1410 5 I

FORMAT ( 32H0 WIDTH OF ROVING FOR GEODESIC s I3 » 2IH NOT GIVEN

>t




1- o1 USED )
40 IF  THICK(I) ) 42 5 42 5 48
42 THICK(I) # 2.0 * DI(I)
WRITE OUTPUT TAPE 6s1415, 1
1415 FORMAT(32Hn DESIRED THICKNESS FOR GEODESIC , 13, 29H NOT SPECIFIED
! » 2 DUI) USED )
48 IF ( ZO(Iy ) 50 s 50 » 120
50 IF ( RO(IY ) 60 s 60 » 70
60 WRITE OUTPUT TAPE 651420 » I
1420 FORMAT ( 46HD STARTING STATION NOT SPECIFIED FOR GEODESIC » I3
I 16H CANNOT COMPUTE

GO TO 500
70 D0 80 N # 2 o M
IF ( RO(I) -~ R(N) ) 90 s 85 » 80

80 CONTINUE

WRITE OUTPUT TAPE 61430 5 I
1430 FORMAT ( 72H0 WITH ZO NOT GIVEN » COULD NOT DETERMINE STARTING SE

ICTION FOR GEODESIC » I3 s I0H USING RO )
GO TO 500

85 N # N+I|

90 NSTART # N - |
IF { AK(NSTART) ) 100 » 110s 100

100 ZO(1) # ( ROCI) — RINSTART) ) / AK(NSTART) + Z(NSTART)
GO TO 160

110 ZO(1) # Z(NSTART)
GO TO |60

120 DO 130 N # 2 s M
IF { Z20(1) = Z(N) ) 140s 135, 130

130 CONTINUE
WRITE OUTPUT TAPE 6 l44fs]

1440 FORMAT ( 63HO USING Z0 s COULD NOT DETERMINE STARTING SECTION FOR
! GEODESIC , I3 )

GO To 500
I35 N # N + |
140 NSTART # N - |
IF { RO(IY ) 150 » 150 » 160
150 RO(T) # AK(NSTART) * ( ZO(I) - Z(NSTART) ) + R(NSTART)

160 CONTINUE
IFC ZT(IY )y 170 » 170 » 240
170 IFC RT(IY ) 180 » 180 » 190
180 WRITE OUTPUT TAPE 6 1450 » 1
1450 FORMAT(31HO(RT»ZT) NOT GIVEN FOR GEODESIC » I3 »I13H (ROsZ0O) USED )
185 RT(I) # RO(I)
ZT{L) # Zo(1n)
NTH # NSTART
GO TO 28p
190 DO 200 N # 2 s M
IF ¢ RT(I) - R(N) )y 210y 205s 200
200 CONTINUE
WRITE OUTPUT TAPE 6s1460 s I
1460 FORMAT ( 83HO WITH ZT NOT GIVEN » COULD NOT DETERMINE SECTION TO ¢
1OMPUTE THICKNESS FOR GEODESIC » I3 » 39H USING RT s SO (RO,20} US
2ED FOR (RT,zT) )
GO TO 185
205 N # N+
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210
220
230
240
250
1470
255
260
270

280
290

300

1480

31D

320

330
340

350

360
370

375
380
388

382

NTH # N - |

IF { AK(NTH) ) 220 » 230 » 220 -
ZT(1) # ( RT(I) — RINTH) ) / AK(NTH) + Z(NTH)

GO0 To 280

ZT(L) # Z(NTH)

GO To 280

DO 250 N # 2, M

IF ( ZT(Iy = Z(N) ) 260 » 255, 250

CONTINUE

WRITE OUTPUT TAPE 641470 o 1

FORMAT ( 80HO USING GIVEN 2T » COULD NOT DETERMINE SECTION TO COMP
UTE THICKNESS FOR GEODESIC»I3s28H SO (ROsZ0O) USED FOR (RT»ZT) )
GO TO 185

N ¥ N + |

NTH # N - |

IF ( RT(I} ) 270 » 270 » 280

RT(I) # AK(NTH) * ( 2T(I) - Z(NTH) )} + R(NTH)

CONTINUE

CONS(I) # RO(I) % SINF ( ALPHAO(I) * PI / 18040 )

CALL PERCOV { RT(I) o NTH o I » PERCNT , HANGL )

IF { PERCNT ) 300 » 300 » 310

RT(I) # CONS(I)

ZT(IY # DN

WRITE OUTPUT TAPE 6 ,1480,s 1

FORMAT { 42HO0 COVERAGE AT (RT»ZT) IS ZERO FOR GEODESIC » I3 » 38H
s  TURNAROUND POINT USED FOR (RT»ZT) ) ,

GO TO 16N

IF (KK ) 320 s 320 » 330

B # THICK(I) /7 ( D(I) * PERCNT ) * PGLASS

GO TO 340

B # 2.0 / PERCNT

NB # B + o5 -
CALL DELTHA ( I )

NLOW # NLOW

NHIGH # NHIGH

RVN # TSUM / 3600

INTGR # RVN

FRACT # RVN = FLOATF{ INTGR )

A # B * FRACT

NA # A + 5

IF ( NA ) 350 » 350 s 360

NA # 1

GO TO 388

IF ( NA = NB ) 380 » 370 » 375

NA # NB = |

GO TO 388

INTGR # INTGR + !

NA # NA - NB

CALL NOFACT ( NA s NB )

CONTINUE

EPS # .000001

IF ( LA ) 382 » 382 5 390

CONTINUE

NAA # NB #* INTGR + NA

CALL ADJUST ( 1 » NAA 5 NB s RVN 5 EPS 4 LL )




IF ( LL ) 384 , 384 , 39Q

384 CALL PERCOV ( RT(I) s NTH s I » PERCNT » HANGL )
DISTRT # 1.0
GO TO 42p

390 RVN2 # FLOATF( INTGR ) + FLOATF( NA )} / FLOATF ( NB )
DISTRT # RVN2 / RVN
DO 410 N # NLOW s NHIGH

410 DTHETA(N) # DTHETA(N) * DISTRT
TSUM # TSUM * DISTRT

420 AN # THICKI(I) / € DU{I) # PERCNT ) * PGLASS
NOPATN # AN / FLOATF( NB ) + 45
NCPERP # NB
NC{I) # NCPERP %  NOPATN
THNESS # FLOATF ( NC(I) } * D(I) * PERCNT / PGLASS
ZLOW # ( CONS(I) — R(NLOW) ) / AK(NLOW) + Z(NLOW)
ZHIGH #( CONS(I) — R(NHIGH))} / AK(NHIGH) + Z(NHIGH)
WRITE OUTPUT TAPE 6 51490 s Is NC(I) sNOPATN » NCPERP » INTGR»
I NAs NB»> THNESS s CONS{I) s ZLOW s ZHIGH

1490 FORMAT ( |100HOD NO. OF NO. OF CIRC. PER RATIO OF
! INTEGERS THICKNESS TURNAROUND STATIONS / 106H GEODESIC (I
2RCUITS PATTERNS PATTERN N + A / B AT (RTsZT) RA

3pIUS Z LOWER Z UPPER / IHO s 149 6110 » 4F10.6 )
WRITE OUTPUT TAPE 651500 DISTRT
1500 FORMAT ( 23HD DISTORTION FACTOR # 5 FlQe6 )
WRITE OUTPUT TAPE 691510 (NsDTHETA(N)s FLNGTH(N)s N# NLOWsNHIGH )
1510 FORMAT ( 39HNSECTION DELTA THETA FILAMENT LENGTH / ( IH o 14 »
I 2F16.6 ) )
WRITE OUTPUT TAPE 6 ,1520 » TSUM , FLSUM
1520 FORMAT ( B8HOCIRCUIT 5 FI3.6 s FI6.6 / IHD )
500 CONTINUE
RETURN
END
*LABEL

CGEOPLT PLOT GEODESIC ON DEVELOPED SURFACE

SUBROUT INE  GEOPLT ( I s NUM )

DIMENSTON RUI1000)sZ201000) sAK(INnO0) sF(1000) X1 (1000)sTITLE(I2)
IRO{1D0) »Z0(100) s ALPHAC( 100) sCONS{ID0) sW(100)sD(100) s THICK(100) s
2RTL100) sZT(100) sNC1D0) sDTHETA(1000) s FLNGTH( 1000)

DIMENSICN RI{ID0 ) s R2(I0Q0 ¥ s PHICIOC ) » XC(}00 )

COMMON MsRsZsAKsFsX| sNOGEODIROSZOyALPHAOSCONS sWsDs THICK sNCsRT»Z Ty
| SMAX s RMAX s ZMAX s THMAX s JJs TITLE sPI s DTHETASFLNGTH» TSUMsFLSUMsNHIGH »
2 NLOW s DISTRT s ADVNCE s SHAFTI| s SHAFT2
COMMON AA,BBsCCsDEL,DELRHOsNSTART
COMMON LLL , RHOMIN , FR , TMIN
COMMON R} 4 R2 4 PHI 4 XC
KOUNT # 0
CONV # PI / 180.0

THETA # 0.0
WRITE OUTPUT TAPE 0s4010 » I

4010 FORMAT ( 28H DEVELOPED PLOT OF GEODESIC s I3 s 5HS$ )

READ INPUT TAPE N,4D020s ( TITLE(K) 4 K # 7412 )

4020 FORMAT ( 6A6 )
CALL SETUP ( TITLE )
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10
2N

30
40
50
60
70
8n

90
{00

Ho
130
t40

150

180
190

200

210
220

230

DO 10 N # 1 » M

IF { RMAX - R(N) - .000001 ) 20 » 20 »

CONTINUE

NSTART # N

ZZ # Z(NSTART)

UPDOWN # 1.0

IF ( AK(N) ) 40 s 420 70

AKK # ~1.0

IF ( UPDOWN ) 50 » 50 » 60

RR # RI(N)

GO TO 100

RR # R2(N)

GO TO 10on

AKK # 1.0

IF ( UPDOWN ) 80 » 80 s 90

RR # R2(N)

GO To 100

RR # RI1(N)

AOF # ABSF ( AK(N) 7/ FIN) )

BETA # AOF % THETA

# AKK *® RR % COSF ( BETA ¥ CONV )
# RR * SINF ( BETA * CONV )

( AKK » 110 s 11D » 160

IF ( N = NHIGH ) 130 » 170 » 170
( UPDOWN ) 140 » 140 s 150

# R2(N)

TO 21In

RE # RI1 (N}

GO TO 2In

IF { N - NLOW )y 170 » 170 » (80

RE # RR

BETAZ # BETA + 2.n * AOF ¥ DTHETA(N)
GO TO 220

IF ( UPDOWN )} 190 » 190 s 200

RE # RI(N)

GO TO 21D

RE # R2(N)

BETAZ # BETA + AOF * DTHETA(N)
CONTINUE

XD # AKK #* RE % COSF ( BETAZ * CONV
YD # RE * SINF ( RETAZ * CONV )

IF ( BETAZ - PHI(N) ) 230 » 360 »

XORE
XDRE
CALL
CALL

# X0 +
¥ XD+
PLOT ¢
PLOT ¢

XC(N)
XC{N)
XORE
XDRE

s YO »
s YD o

}

360

10

THETA # BETAZ / AOF

IF € AKK ) 240 » 290 » 290
240 IF ¢ N — NHIGH ) 250 » 270 » 270
250 IF ( UPDOWN ) 280 s 280»s 260
260 ZZ # Z{(N+1)

N # N+ |
GO TO 340
270 UPDOWN # - 1.0

280 ZZ # Z(N)




290
3na
310

320
330
340
350

360

370

N #N-1
GO TO
IF

IF ¢

2Z # Z(N)
N #N ~ |
GO TO
UPDOWN #

N -

340

NLOW

UPDOWN )

340

leN

ZZ # Z(N+1)

N # N + |
CONTINUE
IF

)

ZZ - Z(NSTART) )

320 »
310 o

320
310 »

30

» 300
33n

KOUNT # KOUNT + |

IF
Al
B
IF
A2
B2
D2

{ KOUNT - 2 *
SINF { PHI(N)
- AKK # COSF
ABSF ( XO - X
1.0
0.0
X0

W OW W~ W W

s 350 » 30
NUM ) 30 »
* CONV )

( PHI(N) * CONv )
D) — .0001 )y 370 »

510 » 510

370 s 380

GO

TO

390

SLPE # ( YD - YO ) /
A2 # -~ SLPE

B2 # 1.0

D2 # YO - SLPE * XO
DENOM # Al % B2 =~ A2 * B
IF ( ABSF ( DENOM ) - .00ft )
XI # ( - Bt ¥ D2 ) / DENOM
YI # A} ¥ D2 / DENOM

XORE # XO + XC(N)
XIRE # XI + XC(N)
CALL PLOT ( XORE
CALL PLOT ( XIRE
X0 # AKK ¥ SQRTF (
YO # 0.0

BETAZ # BETAZ ~ PHI(N)

XD - X0 )

390

410 » 410 » 400

400

s YO 5 | & 2 )
sy YI 5 1 » 1)
X[*#2 4+ YI#%2 )

GO TO

220

410 WRITE OUTPUT TAPE 6

s 4000

» NsAKIN)Y oAl sBIsA29sB29D2sPHI(N}) sX0sYO,

420
430

440

450

I XDy
4000 FORMAT (
1INE 2/

GO
1F
X0
XD
2z
NN
GO
X0
XD
2z
NN
YO
YD

sLP

YD
60H1 LINE
{HO » I3
0 5In
UPDOWN )
RI(N)
XC(N)
Z(N)
N -
450
XCI{N)
R1(N)
ZIN+1)
N +
THETA * R(N)
YO + R{N) # D
# (YD - YO

43

m%%%&%#%a?&#lkﬂ—l

CONNECTING (XO»sY0)
s 1IF10.4 )

AND (XDsYD) IS PARALLEL TO L

0 » 430 » 440

* CONV
THETA(N) % CONV
/ { XD ~ X0 )

69




460 CONTINUE
IF { YD — R2(N) ) 480 » 4817 » 470
470 YI # R2(N)

XI # ( SLPE ¥ X0 + YI - YO ) / SLPE

CALL PLOT ( XO 5 YO » | 4 2

CALL PLOT ( XI 5 YI 5 | 5 t )

X0 # XI

YO # 0.0

YD # YD ~ R2(N)

GO TO 460

480 CALL PLOT ( X0 » YO s | s 2 )
CALL PLOT ( XD s YD o 1@ » | 1}
THETA # Yn / ( RIN) * CONV )
IF ( ZZ - Z(NSTART) 500 » 490 s 500
490 KOUNT # KOUNT + |

IF ( KOUNT - 2 % NUM ) 58p0 5 510 » 510
500 N # NN

GO TO 2N
510 CONTINUE

CALL FINISH ( 3n,TITLE )

END FILE 8

RETURN

END

*LABFL
CDIVSUR DIVIDE UP SURFACE

SUBROUTINE DIVSUR ( STEP )

DIMENSION R{1000)»Z2(1000)»AK(100R)»F(1000)sX1(1000)sTITLE(I2)
IROC100) sZ0(100) s ALPHAC( 1 00) sCONS(I00)sW{1D0)sD(1D0)sTHICK( 100}
2RTOIO0) sZT(100) sNCLIN0) sDTHETA(100D) »FLNGTH I 1000)

DIMENSION HANGLE(100)sTHNESS(100)

COMMON MsRsZ s AKsF 9 X sNOGEOD sROsZO s ALPHAO s CONS sWsDs THICK sNCsRT 52T
1 SMAX s RMAX s ZMAX s THMAX s JJ s TITLE 9P I sDTHETASFLNGTH s TSUMsFLSUM s NHIGH »
2 NLOW s DISTRT 5 ADVNCE » SHAFT! s SHAFT2
THMAX # 0.0
J#D
S # Ne0
MMI # M - |
DO 100 N # | » MMI

IF ( AK(N) ) S s 50 » 5

5 S # XI{N)

AKOFN # AK(N) / F(N)

RPX # RI(N) — AKOFN * XI|(N)

ZPX # Z(N) - XI1(N) / F(N)

10 J #J +

RR # RPX + AKOFN * S

22 # IPX + S / F{(N)
15 SUMTH # Nen

DO 2n I # 1| 5 NOGEOD
CALL PERCOV ( RR 3 N 4 I s PERCNT s HANGL )
HANGLE(I) # HANGL

THNESS(I) # FLOATF ( NC(I) ) * D(1) * PERCNT
SUMTH # SUMTH + THNESS(1)

20 CONTINUE




THMAX # MAXIF ( THMAX s SUMTH )
- RFINAL # RR +*SUMTH / F{(N)
ZFINAL # Z7 - SUMTH #* AKOFN
WRITE TAPE | s S » RR s ZZ 5 ( HANGLE(I) 5 I # 1s NOGEOD ) »
I (THNESS{I) , I # | , NOGEOD ) » SUMTH , RFINAL , ZFINAL
IF €S = X1(N+1Y + STEP ) 25 , 30 » 30
25 S # S + STEP
GO To 1o
30 IF € S - XI(N+1) + 000001 ) 35 » 100 » 100
35 S # X|(N+1)
RR # R(N+1)
ZZ # Z(N+1)
J# I+
GO TO 15
50 J # J + |
S # X1(N)
RR # R(N)
27 # Z(N)
SUMTH # 0.0
DO 80 I # | » NOGEOD
CALL PERCOV ( RR 9 N 3 I 4 PERCNT , HANGL )
HANGLE(1) # HANGL
THNESS({I) # D(I) % PERCNT % FLOATF ( NC(I) )
SUMTH # SUMTH + THNESSI(I)
80 CONTINUE
THMAX # MAXIF ( THMAX s SUMTH )
RFINAL # RR + SUMTH
ZFINAL # 27
J2 # 1
90 WRITE TAPE | » S » RR s ZZ » ( HANGLE(I) » I # 1 » NOGEOD ) »
I ¢ THNESS(I)s I # | » NOGEOD ) » SUMTH s RFINAL s ZFINAL
- IF ( J2 = 2 ) 95 » 100 » 100
95 S # XI(N+1)
J#E I+
22 # Z(N+))
ZFINAL # 27
J2 # 2
GO TOo 9p
100 CONTINUE
JJ #J
SMAX # S
END FILE
RETURN
END
*LABEL

CRZPLOT PLOT R AND 2z VERSUS S

SUBROUTINE RZPLOT { XO » YO 5 XL 5 YL )
DIMENSON R1000YsZ(1000)>AK(1000)sF(1000)>X1(1000)sTITLECI2)
IROCI00) »Z0L100) s ALPHAO(100) sCONSCI1O0) s W(ICO) sDI00YsTHICK( 100 s
2RTC100) »ZT(100) sNc{10D) sDTHETAL 1000)Y s FLNGTH{ 1000)
DIMENSION XAX(12) s ALI2) » Y(210)

- COMMON M’R’Z’AK’F’XIQNOGEOD’RO’ZO’ALPHAO,CONS)W’D’THICK’NC’RT,;TQ
I SMAX sRMAX s ZMAX s THMAX s JJJ s TITLE sPI s DTHETA sFLNGTH» TSUM s FLSUM, NHIGH »
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2 NLOW s DISTRT s ADVNCE » SHAFT! » SHAFT2
TITLE(T) # 606060605161
TITLE(8) # 514421676060
TITLE(9) # 214524607161
TITLECIQY# 714421676060
TITLECI1)Y# 536060606060
XAX()) # 6N606060626 |
XAX(2) # 624421676060
XAX(3) # 536060606060
DIVX # 10.D / XL
DIVY # 10.0 / YL

esBius v v v iueiveiioe]

CALL SETUP ( TITLE )

CALL AXPLOT ( XO,YOsXL 4 YL sDIVXsDIVYs olsals 545450+ XAX »
| TITLE(T) )

INK # 2

DO 3 N # 1 s M

YI # R{N) ¥ YL / RMAX + YO

ST # X1(N)y ® XL / SMAX + XO

CALL PLOT ( SI 5 YI s 1 o INK)

INK # |

3 CONTINUE

INK # 2

DO 4 N # 1 s M

Y1 # Z(N)Y # YL / ZMAX + YO

SI # X1(N) #* XL / SMAX + XO

CALL PLOT ( SI » YI s 1sINK )

INK # 1t

4 CONTINUE

WRITE OUTPUT TAPE 04010 XAX(2) s SMAX
4010 FORMAT ( A6 s IH# » FB8a4 » |HS )

READ INPUT TAPE Ns4020s (A(K)s K # 193 )
4020 FORMAT ( 3A6 )

XX # XL./ 4.0 + XO

YY # YL + o5 + YO

CALL LETTER { XX s YY » 50 s 52 s A )

WRITE OUTPUT TAPE 0»>4010s TITLE(8)s RMAX

READ INPUT TAPE Ns4020, ( AIK) o K# 1y 3

YY # YL + o3 + YO

CALL LETTER ( XXs YYy 50 s 52 s A )

WRITE OUTPUT TAPE 0s4010 » TITLE(ID) » ZMAX

READ INPUT TAPE 0+4020s( A(KY 5 K # 1 5 3

YY # YL + o1 + YO

CALL LETTER ( XXs YYs 50y 52 s A )

YY # YO + YL + 2.0

CALL LETTER ( XOs YY, 505 52 s TITLE ).

CALL FINISH ( 30s TITLE }

END FILE 8

RETURN

END
*L_ABEL

CANGLPL PLOT HELIX ANGLE VERSUS S
SUBROUTINE ANGLPL ( XO s YO 4 XL » YL )
DIMENSION R(1000)sZ(1000)>AK(1000)sF (1000)sX1(1000)sTITLECI2Y)




DO TTD

20
4010

4020

*|LABE

CTHPL

JROC10C) 2Z0(100) s ALPHAO( 1 0D) sCONSEIRD) sW(IDD) sD(ID0)sTHICK(100) »
ZRTOIBD) sZTCING) sNCE100) s DTHETACIDNO) s FLNGTH( 1000}

DIMENSION XAX(12)y s AL12) » Y(2!D)

COMMON MsRsZ s AKsF s Xt sNOGEODsROsZOs ALPHAOsCONS sWsDs THICKsNCsRTsZT»
| SMAXsRMAX 9 ZMAX s THMAX s JJ s TITLE sPI sDTHETASFLNGTH s TSUMaFLSUMs NHIGH »
2 NLOW » DISTRT s ADVNCE s SHAFT1 » SHAFT2

TITLE(T7) # 603025433167
TITLE(B) # 602145274325
TITLE(9) # 536N6060606N
XAXC1) #  606N6N60626|
XAX(2) # 624421676060
XAX(3) # 536060606060

DIVX # 1D.0 / XL

DIVY # 9.0 / YL

CALL SETUP ( TITLFE )

CALL AXPLOT ( XOsYOsXLsYLsDIVXsDIVYs !l 10,0 » 55 3 s 50 s XAX »
I TITLE(T) )

DO 20 I # | s NOGEOQOD

INK # 2

REWIND 1

DO 20 J# T s JJ
12 # 1 + 2

READ TAPE | » S » ( Y(K) o K # 1 » I2 )
IF € YUI2)y ) 20 s 20 » 5

YI # Y(I2) # YL / 90.0 + YO

SI # & * XL / SMAX + XO

CALL PLOT ( SI » YI » | 5 INK )

INK # |

CONTINUE

WRITE OUTPUT TAPE 0O » 4010 » XAX(2) » SMAX
FORMAT ( A6 s IH# » FB8a44 » IHS )

READ INPUT TAPE 0,4020s ( A(K)s K # 193 )
FORMAT ( 3A6 )

XX # XO + XL / 40

YY # YO + YL + o1

CALL LETTER ( XX s YY 5 850 9 52 » A )

YY # YO + YL + 2.0

CALL LETTER ( XO s YY s 505 52 s TITLE )
CALL FINISH ( 30s TITLE )

END FILE 8

REWIND |

RETURN

END

L
oT PLOT THICKNESS VS S FOR GEODESIC 1

SURROUTINE THPLOT (I 5 XO » YO s XL » YL )

DIMENSION R(1000)sZ(1000)sAKE1000)sF(10Q00)sX|(1000)sTITLE(T12)
I1RO(100) »Z20(100) s ALPHAO( 1 00) sCONSUION)sW(100)sD(100)sTHICK(10D) »
2RTCI00Y»ZT(100) sNCLINN) s DTHETA (100N »FLNGTH( 1000}

DIMENSION XAX(12) s A(12) » BU12) 5 Y{(2|0)

COMMON MsRsZ s AKsF s X1 sNOGEODsROsZOsALPHAOSCONSsWsDs THICK sNCsRT sZ T
I SMAXsRMAX 3 ZMAX s THMAX s JJ s TITLE sPIsDTHETAsFLNGTH s TSUMs FLSUMs NHIGH »
2 NLOW » DISTRT s ADVNCE s SHAFT! , SHAFT2




XAX(1) # 606060626061
XAX(2) # 606244216760
XAX{3) # 536060606060
TITLE(7) # 6N6N6260616N
TITLE(B) # 634421676026
TITLE(9) # 4651670272546
TITLE(ID) # 242562312360
DIVX # 0.0 /7 XL
DIVY # 10.0 / YL
XLD # ol
YLD # I
NX # 5
NY # 5
11 # 50
WRITE OUTPUT TAPE 051015 » XAX(2) » SMAX
105 FORMAT ( A6 9 [H# s F8aess s IHS )
READ INPUT TAPE Ds1020s ( A(K)y K # 143 )
1020 FORMAT ( 3A6 )
WRITE OUTPUT TAPE N»s1N25s THMAYX
1025 FORMAT ( 20HMAXIMUM THICKNESS # sF946 s IHS )
READ INPUT TAPE Ns1030s ( B(K) s K # 1y 5 )
1030 FORMAT ( 5A6 )
50 WRITE OUTPUT TAPE 0Os INN5 » I
1005 FORMAT ( 12 o |HS )
READ INPUT TAPE nsi01Ns TITLE(IT)
1010 FORMAT ( A6 )
60 REWIND |
CALL SETUP( TITLE )
CALL  AXPLOT (XOsYOsXLsYLsDIVXsDIVYsXLDsYLDsNXsNYsTIsXAXsTITLE(T))
INK # 2
DO 70 J # | 5 JJ
12 # I + NOGEOD + 2
READ TAPE 15 Ss ( Y(K) » K # | 4 12 )
SI # S * XL/ SMAX + XO
YI # Y(I2) % YL 7/ THMAX + YO
CALL PLOT ( SIs YI s | s INK )
70 INK #
XX # XO + XL / 4.0
YY # YO + YL + .3
CALL LETTER ( XXs YY 5 50 » 52 5 A )
YY # YO + YL + ol
CALL LETTER ( XXs YY, 50 5 52 4 B )
YY # YO + YL + 2.0
CALL LETTER ( XO s YY s 50 5 52 » TITLE )
CALL FINISH ( 3n » TITLE )
80 END FILE 8

TDDDD D@

REWIND |
RETURN
END
*LABEL
CSUMPLT PLOT SUM OF THICKNESS VERSUS S
SUBROUTINE SUMPLT ( X0 5 YO 4 xL , YL

DIMENSION R(1000),Z2(1000)sAK{1000)sF(1000) X1 (1000)sTITLE([2)




- IROCIOD) »Z0(100) s ALPHAO (1 00) s CONS(IQ0)sW(I00) oD 100)sTHICK(100)»
2RTC1O0) ZT(100)sNCUIDN) sDTHETA( 1000) »FLNGTH( 1 000)
DIMENSION XAX(12) o A(12) » BCI12)Y s Y(110)
COMMON M»RsZ s AKsF X | sNCGEODIROsZOsALPHAOSCONS sWsD s THICK sNCsRT 92Ty
) SMAX s RMAX s ZMAX s THMAX 9 JJs TITLE 3P I sDTHETASFLNGTHs TSUMs FLSUMsNHIGH »
2 NLOW s DISTRT » ADVNCE s SHAFTI| s SHAFT2

#
TITLE(9) # 4651610272546
TITLECIOD)Y # 24256231236N
55 TITLECI1) # 606264445360

DIVX # 10.0 / XL

DIVY # 100 / YL

XLD # .|

YLD # o

NX # 5

NY # 5

11 # 50

WRITE OUTPUT TAPE 091015 s XAX(2) s SMAX
1015 FORMAT ( A6 » IH# 5 FBa4 , IHS )

READ INPUT TAPE N,1020s ( A(K)y K # 143 )
1020 FORMAT ( 3A6 )

WRITE OUTPUT TAPE 0»s1IN25s THMAX
1025 FORMAT ( 20HMAXIMUM THICKNESS # sF9.6 s IHS )

READ INPUT TAPE 0,1030s ( B{K) » K # 1» 5 )
1030 FORMAT ( 5A6 )

B XAX(1) # 606060626061

B XAX(2) # 60624421676N

8 XAX(3) # 536n6n6n606n

B TITLE(7) # 6060632606160
B TITLE(8) 634421676026
B

B

B

REWIND |

. CALL SETUP( TITLE )
CALL AXPLOT (XOsYOsXLsYLsDIVXsDIVYsXLDsYLDsNXsNYsITsXAXsTITLE(T7))
INK # 2

DO 70 J # 1 s JJ
12 # 2 * NOGEOD + 3
READ TAPE 1s Ss ( Y(K) s K # | 5 12
SI # S # XL / SMAX + XO
YI # Y(I2) % YL / THMAX + YO
CALL PLOT ( SIs YI » 1 s INK )
70 INK # |

XX # XO + XL / 4.0
YY # YO + YL + ,3
CALL LETTER ( XXs YY 5 50 5 52 4 A )
YY # YO + YL + oI
CALL LETTER ( XXs YY, 50 s 52 », B )
YY # YO + YL + 2,0
CALL LETTER { XO s YY » 510 4 52 4 TITLE )
CALL FINISH ( 30 5 TITLE )
END FILE 8
REWIND
RETURN
END

¥LABEL
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CCNPLOT PLOT OF FINAL CONTOUR R VS Z

SUBROUTINE CNPLOT { XO s YO s XSCALE » YSCALE )
C
C XSCALE IS SCALE OF X ( Z ) AXIS ( o0 FULL SCALE s «5 HALF
C YSCALE IS SCALE oF Y ( R ) AXIS SCALEs 2.0 DOUBLEs ETC. )
C

DD DD

280

300

1000

1001

DIMENSION R(1000)»Z2(1000)sAK{1000)sF(1000)sX1(1000)sTITLE(12)
IROC1D0)»Z20(100) s ALPHACC1O0)YsCONS(1D0)»>W(10OD)sD(I100)sTHICK(100) »
2RTC100) sZT(100)sNC(IDD)sDTHETAL100D) sFLNGTH{ 1 00O)

DIMENSION A(12) s Y(210) s XAX(12) s YAX(}2)

COMMON MsRsZ sAKsF9 X1 3sNOGEODSRO»ZOsALPHAOC, CONS sWsDs THICK sNCsRT 527
1 SMAX s RMAX 9 ZMAX s THMAX 9 JJ s TITLE sPI oDTHETASFLNGTH s TSUMsFLSUMyNHIGH »

he ]

END FILE 8

2 NLOW » DISTRT s ADVNCE s SHAFT| s SHAFT2
TITLE(7) # 6102631452143

TITLE(8) # 6N2346456346

TITLE(9) # 645153606060

XAX(1) # 606071536060

YAX(1)Y # 6n6051536060

CALL SETUP ( TITLE )

XL # ( ZMAX + THMAX + o1 ) % XSCALE

YL # ( RMAX + THMAX + «| ) * YSCALE

DIVX # le«0 / XSCALE

DIVY # 1.0 / YSCALE

NX # DIVX + 499

NY # DIVY + .99

CALL  AXPLOT ( XOsYOsXLsYLsDIVXsDIVYs ! Osl .05 NXsNYs50sXAXsYAX )
INK # 2

DO 280 N # 1 s M

XX # Z{N) # XSCALE + XO

YY # R(N) % YSCALE + YO

CALL PLOT ( XX » YY s 1| 5 INK

INK # |

CONTINUE

REWIND |

INI # 2 ¥ NOGEOD + 4

IN2 # INI + 1

INK # 2

DO 3nn JHE s JJ

READ TAPE I » S » ( Y{K) » K # I » INZ2 )
XX # Y{(IN2) * XSCALE + XO

YY # Y(INI) * YSCALE + YO

CALL PLOT ( XX s YY s | » INK )

INK # |

CONTINUE

XX # XO + XL / 4.0

YY # YO + YL + .3

WRITE OUTPUT TAPE Ds!000s XSCALE s YSCALE
FORMAT ( 9HZ SCALE # » FT744 s I2H R SCALE # » F744 s 1HS )
READ INPUT TAPE Ns(0Nls  ALIY s I # | 6 )
FORMAT ( 6A6 )

CALL LETTER { XX s YY » 50s 52 » A )

YY # YO + YL + 2.0

CALL LETTER { XO s YY » 50 4 52 » TITLE )
CALL FINISH ( 30 s TITLE )



REWIND |
- RETURN
END
*LABEL

CPERCOV COMPUTE PERCENT COVERAGE AND HELIX ANGLE AT A STATION
SUBROUTINE PERCOV ( RR s N » I s PERCNT s HANGL )
DIMENSION R(1000)sZ(1000)sAK{1000)sF(1000)sX1(1000)sTITLE(I2)
IRO(1D0)»>20(100) s ALPHAO(100)»CONSCIO0)YsW(I1DD)»D(ID0)sTHICK( 10O s
2RT100)sZTC100YsNC100)sDTHETA(100N) sFLNGTH(1000)

COMMON MsRs7Z s AKsF 3 X1 sNOGEODSRO 70, ALPHAOsCONS sWsDs THICK,NCsRT»Z T,
I SMAX s RMAX s ZMAX s THMAX s JJ s TITLE sPTsDTHETASFLNGTH» TSUMs FLSUMsNHIGH s
2 NLOW » DISTRT » ADVNCE s SHAFTI s SHAFT2
IF { AK(N)Y ) 60 s 162 » 60

60 FOK # F(N) / ABSF (AK(N) )
W02 # W(I) / 2.0
RHO # FOK * RR
IF ( RR - CONS(I) ) 140 » 130 » 100

100 RMC # SQRTF { ( RR—-CONS(I))* (RR+CONS(I) ) )
HANGL # ATANF ( CONS(I) / RMC ) * 180.0 / PI
SINA # CONS({I) / RR
COSA # RMC / RR
Fl # RHO * SINA + WO2
FAC # ( RHO + FI ) * ( RHO - F| )
IF { FAC ) 120 » 1205 11D

110 Y2 # — COSA * FI + SINA * SQRTF ( FAC )
X2 # COSA * Y2 / SINA + W02 / SINA
DPHI2 # ATANF ( ABSF( Y2 ) / ( RHO + X2 ) )
F2 # RHO * SINA - w02
FAC2 # ( RHO + F2 ) * ( RHO - F2 )
FAC2 # MAXIF ( FAC2 s 0.0 )
Y3 # —COSA * F2 + SINA #* SQRTF ( FAC2 )
X3 # COSA % Y3 7 SINA =~ W02 / SINA
DPHI! # ATANF ( Y3 / ( RHO + X3 ) )
PERCNT # FOK * ( DPHII + DPHI2 ) / PI
GO TO 17D

120 F3 # RHO * SINA - WO?2
FAC3 # ( RHO + F3 ) * ( RHO - F3 )
FAC3 # MAXIF ( FAC3 s Ne0 )
Y3 # — COSA * F3 + SINA * SQRTF ( FAC3 )
X3 # COSA * Y3 / SINA - W02 / SINA
DPHII # ATANF ( Y3 / ( RHO + X3 ) )
Y2 # — COSA * F3 — SINA % SQRTF ( FAC3 )
X2 # COSA * Y2 / SINA -~ WO2 / SINA
RHOX2 # RHO + X2
IF L RHOX2 ) 122 5 122 s 126

122 DPHIZ2 # ATANF ( ABSF( RHOX2 / Y2 ) )
DPHI2 # DPHI2 + Pl / 2.n
GO To 128
DPHI2 # ATANF ( ARSF(Y2) / RHOX2 )

8 PERCNT # FOK * ( DPHIl + DPHI2 ) / ( 2.0 % PI )

GO TO. 170
. 130 HANGL # 90.0
GO TO tén
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140

150

160

161

162
164

168

170

*LABE

CADJU

20

22

30

40

50

HANGL # QD0

RHOMIN # FOK #* CONS(I1) - W02

IF ( RHO — RHOMIN ) 150 s 160 » 160
PERCNT # 0.0

GO To 170

RHOT # FOK * CONS(1)

F4 # RHOT - W02

FAC4 # (. RHO — F4 ) * ( RHO + F4 )
IF ( FAC4 ) 150 » 150 » I6l

YI # SQRTF ( FAC4

DPHI| # ATANF ( Y| / F4 )

PERCNT # FOK * DPHI! / PI

GO TO 17D
IF ( RR - CONS(I) ) 168 » 168 » 164
RMC # SQRTF ( (RR+CONS(I) ) * ( RR=CONS(I) )} )

HANGL # ATANF ( CONS(I) / RMC )y * 180.0 / PI
PERCNT # wW(I) /s ( PI ¥ RMC )

GO TO 170

HANGL # D0

PERCNT # DN

CONTINUE

RETURN

END

L

ST ADJUST STARTING HELIX ANGLE

SUBROUTINE ADJUST ( Is NA » NP s FRACT , EPS , LL )

DIMENSION R(1000)sZ(1000)sAK(1000)sF{1000)sX1(1000)sTITLE(12))
IRO(1D0)sZ0(|100) sALPHAO(100) sCONS{100)sW(100)sD(100)>THICK(100)»
2RTOI00) sZT 10N sNCUIDD) o DTHETA(INON) sFLNGTH( 1 00D0)

COMMON MsRsZ s AKsFsX| yNOGEODsROsZOs ALPHAOSCCNS sWsDs THICK sNCsRT»Z T,
1 SMAX sRMAX s ZMAX s THMAX s JJ s TITLE sPIsDTHETA sFLNGTHs TSUMsFLSUMsNHIGH »
2 NLOW s DISTRT s ADVNCE s SHAFT! o SHAFT2

CONV # 18nen / PI

ITER # D

AZERO # ALPHAO(TI)

RZERO # RO(1I)
2ZERO # 20(1)

C # CONS(ID)

IF ( ALPHAO(I) - 89.0 ) 30 s 30 » 20

RO(I) # RMAX
ALPHAO(I) # ATANF( CONS(I) / SQRTF( RO(I)*%2 — CONS(I)#%2) ) %*CONV
DO 22 N # 2 » M )

IF { RO(I)Y — RIN) ) 24 s 24 » 22

CONTINUE
Zo{I) # Z(N)

FRC# FRACT
RV # FLOATF( NA ) / FLOATF { NB) + ADVNCE

AAZERO # ALPHAOI(I)

CONTINUE

DELA# RV - FRC

IF ( ABSF( DELA) - EPS ) {10 5110 » 50
DTDA # D.0O

CSQ # CONS(I)*%2




RCOS # RO(I) * COSF ( ALPHAO(L) / CONV )

NL T # NLOW + |

NHI # NHIGH - )

SQ2 # 1.0 / SQRTF RINLI)*%2 — ¢S5Q )

DTDA # DTDA - F(NLOW) * RCOS * $Q2 / AK (NLOW)

IF . NHI - NL1 ) 85 s 55 , 55
55 DO 80 N # NLI » NHI
IF ( AKIN) ) 60 5 70 s 60

60 SQI # sSQ2
SQ2 # 140 /7 SQRTF ( RIN+1)¥¥2 ~ CSQ )

DTDA # DTDA + F(N) % RCOS * ( — SQ2 + SQ1 )y / AKI(N)
GO TO 80 ‘
70 DTDA # DTDA + RCOS * R(N) * ( Z(N+1) - Z(N) )y ¥ ( SQ2 #%3 )

80 CONTINUE
85 DTDA # DTDA + F(NHIGH} * RCOS * $SQ2 / AK(NHIGH)
DTDA # 2.0 * DTDA
IF ( ABSF( DTDA ) = .01 } 140 » 140 » 90
90 DALPHA # DELA* 360.0 / DTDA
ALPHAO(I) # ALPHAO(I) + DALPHA
IF ¢ ITER - |p ) 00 s 150 » 150
100 ITER # ITER + |
CONS(I) # RO(I) * SINF ( ALPHAO(I) / CONV )
CALL DELTHA ¢ 1 )
NLOW # NLOW
NHIGH # NHIGH
FRC # TSUM / 3¢0.0

GO TO 40
110 DALPHA # ALPHAO(I) - AAZERO

IF ( ABSF ( DALPHA ) = 5.0 ) 120 » 130 » 13D
120 LL # 0 :

GO TO 170

130 WRITE OUTPUT TAPE 6 s INO0 » DALPHA

1000 FORMAT ( 20HO CHANGE IN ALPHA » » FIDe6 » 43H 5 TOO GREAT - GEOD
TESIC DISTORTED INSTEAD )
GO TO 160

140 WRITE OUTPUT TAPE 6 » ININ » DTDA

1010 FORMAT ( 22H0 D THETA / D ALPHA # s F9.6 5 7IH » LARGE CHANGE IN
IALPHA WOULD BE REQUIRED - GEODESIC DISTORTED INSTFAD )

GO TO 1teén

150 WRITE OUTPUT TAPE 6s I1n20

1020 FORMAT ( 7)HQ ALPHA DID NOT CONVERGE IN 10 ITERATIONS - GEODESIC
IDISTORTED INSTEAD )

160 LL # 1|

CONS(I) # C
RO(I) # RZERO
Z0(1) # ZZERO
ALPHAO(I) # AZERO
CALL DELTHA ( I )
170 CONTINUE

RETURN
END

*LABEL

CNOFACT ALTERS FRACTION SO NO COMMON FACTORS

79




80

SUBROUTINE NOFACT ( NUMER » IDENOM )
100 JJJ # 0
200 JJJ # JIJ + |
M] # IGCD ( NUMER,IDENOM )
IF ML = 1) 300 » 300 » 250
250 GO TO ( | o 25 39 43 5 ) » JJJ
| IDENOM # IDENOM + |
GO TO 200
2 IDENOM # IDENOM - 2
GO To 20N
3 IDENOM # IDENOM
NUMER # NUMER +
GO To 200
4 NUMER # NUMER - 2
GO To 200
5 NUMER # NUMER +
IDENOM # IDENOM
Go To 100
300 CONTINUE
RETURN
END

-+

+ N

FUNCTION IGCD({MMsNN)

C PROGRAM AUTHOR MJ.ELSON» CENTRAL DATA PROCESSINGs1/1/65

M#MM

N#ANN

IF(M=N)2+2,1

I 1#M
M#N
N#1
2 I1GCD#M
IGCD I #XMODF (N,M)
IF(IGCD ) 494,43
3 N#M
M#IGCD!
GOTO02
4 RETURN
END
*LABEL
CSHIFT

SUBROUTINE SHIFT ( N s SHIFT2 )

DIMENSION R(1000)sZ(1000)sAK(1000)sF(1000)»X1¢1000)>TITLE(T2)
IRO(IDU)920(lUG)’ALPHAO(IUU)’CONS(IUU),W(IDU)sD(lDD)sTHICK(100)9
2RT(|UU)9ZT(IUD)’NC(|DD)9DTHETA(|UUU)9FLNGTH(|UUU)

DIMENSION RI(IDO ) s R2(100 ) » PHICIOO ) » XCLI0O )

c OMMON MyR,ZaAKgF,XI,NOGEOD’R09ZO9ALPHAO’C0NS9W’D9THICK’NC’RT9ZT$
|5MAX9RMAX9ZMAXyTHMAX9JJ9TITLE’PI,DTHETAsFLNGTH9T$UM,FLSUM,NHIGH9
2 NLOW s DISTRT » ADVNCE s SHAFTI » SHAFT2
COMMON AASBB sCCsDEL sDELRHO sNSTART
COMMON LLL s RHOMIN s FR » TMIN

COMMON Rl 4, R2 4 PHI s XC
SHIFT2 # 0.0

5 IF ( AK(I) ) In s 60 » 10

VoNow LN

10




. 10
20
30
40
50
60
70

8n

*LABEL

CAXPLO

!

[aXaEeNeNalaNaRaEa!

20

30

40

IF € PHI(I) = 9040 ) 50 5 50 » 20

IF ¢ PHI(I) = 18N0.0 ) 30 » 4N » 4N
SHIFTZ2 # SHIFT2 + RI(l) — R2(1) * COSF
GO TO &0

SHIFT2 # SHIFT2 + RI(I) + R2(I)

GO TO 60

SHIFT2 # SHIFT2 + RI{I) *# ( 1.0 - COSF
IF (1T - N 70 5 80 s 8D

I # N

GO To 5

CONTINUE

RETURN

END

( PHICI) * PI / 180.0 )

( PHI(I) * PI / 180.0 ) )

T NRAW AXES FOR PLOTS
SUBROUTINE  AXPLOT ( XOsYOsXLsYLsDIVXsDIVYsXLDFYLDsNXsNYsITsXAXSs

YAX )

X0 » YO 1S THE ORIGIN

XL o YL IS LENGTH OF AXES

DIVXsDIVY 1S DIVISIONS PER INCH

XLDs YLD IS LENGTH DIVISION REPRESENTS
NX » NY IS DIVISIONS TO BE LARELED
11 IS SIZE OF LETTERS

XAX s YAX 1S5 NAME OF AXES

DIMENSION XAX(12) s YAX(12)
XXL # XL + X0
YYL # YO + YL
CALL PLOT ( XO »sYYL » 1 s 2)
CALL PLOT ( XO 5 YO s 1 o 1)
IX # DIVX # XL + .05
IY # DIVY # YL + .05
YOFF! # YO + .04
YOFF2 # YO ~ .04
XOFF1 # X0 - .04
XOFF2 # X0 + <04
I

DO 20 # o1 os 1Y

YI # 1

YYI # YI / DIVY + YO

CALL PLOT ( XOFF! » YYI 5 1 5 2 )
CALL PLOT ( XOFF2 » YYI 5 | 5 | )
CALL PLOT ( XXL,s YO 4 I 45 2}

CALL PLOT ( XO 5 YO , 1 » 1)

DO 1D T # 1 » IX

XI # 1

XX1 # XI / DIVX + xO .
CALL PLOT ( XXI s YOFFI 5 | 4 2 )
CALL PLOT ( XXI » YOFF2 s 1 o | )

IF ¢ 1T - 51 ) 30 » 49 5 50
SIZE # +096
GO TO 90

SIZE # +192

1 »EVERY D1V

1]

2sEVERY OTHER)

81




82

50
6n

70

80
90

1000
1002

100

MACI
$%
‘t010)
oy

GO TO 90

IF ( IT - 53 ) 60 » 70 » 80
SIZE # .384

6o To 90

SIZE # 768

GO TO 90

SIZE # 14536

CONTINUE

YOFF # YOFF2 - SIZE - I

DO 1DO0 I # NX » IX s NX

X1 # 1

XX1 # XI 7/ DIVX

XXXI # XI # XLD

WRITE OUTPUT TAPE 0O,1000sXXXI

FORMAT ( F542 o IHS )

READ INPUT TAPE n,10nN2s A

FORMAT ( A6 )

XXI # XXI = 2.5 % SIZE + XO

CALL LETTER ( XXI s YOFF s II 4 52 , A )
YOFF # YOFF - SIZE - |

XX # XO + XL / 4.0

CALL LETTER ( XX s YOFF » Il s 52 » XAX )

XOFF # XOFF| — «N5 — 5.0 % SIZE
DO 110 I # NY » IY s NY
Yi # 1

YYI # YI / DIVY + YO -~ SIZE / 2.0

YYYI # YI % YLD

WRITE OQUTPUT TAPE Ds100Ns YYYI

READ INPUT TAPE 0, 1002 » A

CALL LETTER ( XOFF » YYI » II 5 52 4 A
XOFF # XOFF — SIZE - ol

YY # YO + YL / 4.0

CALL LETTER ( XOFF s YY s II 53 » YAX )
RETURN

END

#MACRO/M

M IS THE NUMBER OF POINTS DEFINING THE CONTOUR
N#0

X1i1)#0

N#N+1
IFLABSF(Z(N)=Z(N+1))~,000001) 10! 1s2011s1018
IF(R(N+1)Y-R(N))IDI25101251013

laat
1002
1003
1005
1007
1028
1030

N




012y

1013)

1o14)

1018)

1020}
1025)

1030)

1040)

1050)
1060)
1070)

1080)
1090)

N—0O
ooo

1130
1140)

1150)
1160)
170)

1180)
1190

KIN)#—(10%%20)

RIANI#RIN+1)

R2(N)#R(N)

XCIN)#X) (N)+R2 (N)

JUMPTO/ 1D 14

K(N)#10%%20

RI(NI#R(N)

R2(N)#RIN+1)

XCNI#XT(N)I~R1 (N)

FINY#|0%%20

PHI(N) #359,9
X1ON+DI#X ] INY4+R2(N)Y=R1 (N)

X2 (NYHEXT (N+1)

JUMPTO/ 1050
KINY#IRIN+|)=RIN))IZ{Z(N+1)=2Z2(N))
FINY#SQRTF ([ +K (N)#%2)
XTONHEIEXTIN)Y+(Z N+ 1) =Z(N)I*F{N)
X2 (NYHXT (N+1)
PHI(N)#ABSF(K(N)/F(N)1%360
IFUABSF(K(N))=-.0N0001) 10405 104051020
IF(K(N)YYIN25,1025,1030
XCON)EXEON+1)-RIN+IIXFIN)/K(N)
RIINI#XCINY=XI(N+1)
R2IN)#XCINY~X] (N}

JUMPTO/ 1050
XCINI#XTIN)=RIN)#F(N) /K (N)
RIINI#XI (NY~-XC(N)

R2{N)#X1 (N+1)=XC(N)

JUMPTO/ 1050
R2{N)#64283 8| ¥R(N)

K{N)#0

XCIN) # nNen
IF(N=-M+141)101051060s1060

N# |

N#N+ 1
IF(K{N)=K{N=1))1080,108051090
IFIN=M+1,1)1070,1200s1200
SHIFT#0

I#N-|

IF(KCINIrinsttenstiin
IF(PHI(I)-90) 112011201130
SHIFT#SHIFT+RI{TI)*{ | ~COSF(PHI(I)))
JUMPTO/ | 160
IF(PHI(I)Y=-180)1140s1150s1150
SHIFTH#SHIFT+RI(1)~R2(1)%COSF(PHI(1})
JUMPTO/ I 160

SHIFTH#SHIFT+RI (1)+R2(1])
IF(I-N+e1)117051180,1180

I#N

JUMPTO/ 1 1000

I#N=)

IT#I+1

R AXI (1Y +SHIFT

X2 (IV#X2 (1) +SHIFT
XCUIV#XC(I)+SHIFT
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84

1200)
210

1220)

1230)

1240)

1250)
1260)

MAC2
$3%

201
2012y
201 4)
2016)

2p20)
2022)

2025)

2027)
2030
2035)

2040)
20509

IF(I=-M+141)1190s107051070
LI#LINE/Os091040

N#0

N#N+ |

IF(K(N)) 1220124051230
PCIN)#POINT/XCI(N) s0
L2(NY#LINE/PC{(N)sATANGLs ( 180-PHI(N))
CI{N)#CIRCLE/CENTERsPCIN) sRADIUSsR1{N)
C2(NY#CIRCLE/CENTERSPC(N)sRADIUSSR2(N)
JUMPTO/ 1250

PC{N)#POINT/XC(N) 0

L2 (ND#LINE/PCIN) s ATANGL sPHI (N)
CI{N)#CIRCLE/CENTER4PC(N)sRADIUSsRI (N)
C2(N)Y#CIRCLE/CENTERSsPC(N)sRADIUS,R2 (N}
JUMPTO/ 1250
L2(N)#LINE/PARLEL sL 1 sYLARGEsR2 (N)
L3{N)#LINE/(POINT/X1(N)s0)sPERPTOsL]
L4(N)#LINE/(POINT/X2(N)s0)sPERPTOsL|
IF(N-M+141)12109126051260

TERMAC

#MACRO/M

M IS THE NUMBER OF POINTS DEFINING THE CONTOUR
O#POINT/0sN

STRT#POINT/0s10

TLON

FROM/STRT

GCT0O/0

DRAFT/ON

N#0

N#N+ |

IF(PHI(N)-180) 2012,201252014
II#1

JUMPTO/2016

11#2

IF(K{N))2020+202552030
GOBACK/C2(N) sONsIIsINTOFsL2(N)
GORGT/L2(N) sONsCl{N)
TLONsGORGT/CIIN)sTOsITsINTOF L |
JUMPTO/2040

DNTCUT

GODLTA/a1s050

INDIRV/=-1,0.0

GO/0ONsL3 (N)

cUT

GORGT/L3(N)sONsL2(N)
GORGT/LZ(N) sONsL4(NY
TLONSGORGT/L4(N) 4 TOsLI
JUMPTO/2040

GOBACK/CI{N) sONsIIsINTOFsL2(N)
GORGT/L2(N) sON»C2(N)
TLONsGORGT/C2(N)»TOsII,INTOF,L1
IF(N=-M+1,1)2050,207022070
1IF(ABSF(X] (N+1)~X2(N))=-,00000!)2010,201052055




2055)

2057)

2059)
2060)
2062)

2064)
2066)

2070)

MAC3
$3
$%
$3
$3
$3
$%

3010y
3012)
3015)

3018)
N 3020)

ans3o)

3n40)
3n50)

3060)
3070)
3080)

3090)

3100

311

GOTO/(POINT/XI(N+I)9D)

N#N+1

IF(PHI{N)=-180) 2057+20572059
I1#1

JUMPTO/2060

11#2

IF(KIN))2062+206452066
GOLFT/C2(N) sONsIIsINTOFSL2(N)
JUMPTO/2022

GOLFT/L3(N) sONsL2(N)
JUMPTO/2027

GOLFT/CI(NY sONsIIsINTOF,L2(N)
JUMPTO/2035

GOTO/0

DRAFT/OFF

TERMAC

#MACRO/RO4AZERO,PRIMEsM,EPS
RO [S THE RADIUS OF THE STARTING STATION
AZERC IS THE HELIX ANGLE AT THE STARTING STATION

PRIME IS THE DESIRED NUMBER OF CIRCUITS PER PATTERN ( A PRIME NO, )

M IS THE NUMBER OF POINTS DEFINING THE CONTOUR

EPS IS THE MAXIMUM ALLOWABLE DIFFERENCE EETWEEN REVOLUTIONS
PER CIRCUIT OBTAINED AND REVOLUTIONS PER CIRCUIT DESIRED
N#0

N#N+ |

IF ( R(N)-RO ) 3D1253018,3015

IF ¢ N=M ) 3010335553355

NAN- |

J#N

PASS#|

DEG#180/3, 1415927

ALPHA#AZERO

SINA#SINF(ALPHA)

COSA#COSF (ALLPHA)

CONS#RO*SINA

IF(CONS-R(1))32805304053040

I #J

I1#1-1

IF(R{I)-CONS)306MNs306N5,3N050

IF(CONS-R(M))3280:3070-3070

L#J

LA#L+ !

IF(R{L)-CONS)309N5309053N080

L#L~1

N#I

ASECZWATANF(SQRTF((R(N+I)/CONS)**Z—I))

DBETA(N)#ASEC?

DTHETA(N)#F (N)*DRETA(N) /K (N)
FLNGTH(N)#R2(N)*SINF(DRETA(NY})

N#N+ 1

IF(KIN)) 3120531103120
DTHETA(N)#CONS*(Z(N+I)—Z(N))*DEG/(R(N)*SORTF(R(N)**Z—CONS**Z))
FLNGTH(N)#SQRTF((Z(N+I)—Z(N))**2+(R(N)*DTHETA(N)/DEG)**Z)
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2117
2119
2160
2162
2164
2166
2140
2142
2144
2146
2148
2150
2152
2125
2201
2203

3p0!
A3000
B3000
<3000
03000
£3000
F3000
3002
3003
3004
3005
3006
3007
3011
3012
3010
3013
3015
3017
3019
3021
3p23
3025
3103
3105
3107

© 3109

3111
3113
3115
3117
3119
3120
3121
3123
3201
3202
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31200
3130)

3140

3150}

3160)

3170)

3180)

3190)
3200

32100

3220)
3230}
3240)
3250)
3260}
3270)
3272)
3280)
TITLES

3290)
3295)

JUMPTO/3100

IF(N=L)3130s3140s314N0

ASECI#ASEC2

ASEC2#ATANF{SQRTF ((RIN+1)/CONS)¥%#2~1))
DBETA(N)#ABSF(ASEC2~ASECI)
DTHETA(N) #F (N)#DBETAIN)/ABSF (K(N))

FLNGTHIN)#SQRTF (R (N} #%2+R2 (N) *%2-2#R | (N)*¥R2(N)*COSF(DBETA(N) )}

JUMPTO/31nnN

DBETA(N)#ASEC2

DTHETA(N)Y#F (N)#{(-ASEC2)}/K(N)
FUNGTHIN)#R2 (N)*SINF(DBETA(N))
TSUM#D

N#I=1

N#N+ |

TSUM#TSUM+DTHETA(N)
IF(N~L)3150+s3160s3160
TSUM#2#TSUM

RVN#TSUM/360

N#D

N#N+ |

IF(RVN=-N)3180+3190s3170
INTGER#N=~1

FRACT#RVN-INTGER

JUMPTO/3200

INTGER#N

FRACT#0

N#|

PARTN#1/PRIME

N#N+1

PARTNI#PARTN

PARTN#N/PRIME

IF(FRACT-PARTN 13230+3260s3220
IF(N~PRIME+1)32109325053250
IF(ABSF{FRACT-PARTN )-ABSF(FRACT-PARTN|
N#N= |

PARTN#PARTNI

DEL#PARTN ~FRACT
IF(ABSF(DEL)I-EPS$)3270+327093290
DEL#D

PRINT/33sPASSsDELsNSPARTN sFRACTsINTGERsS

RVN,LALPHA , TSUM, CONS, Lyl
N#I-1

N#N+ |

PRINT/3sDBETA(N) sDTHETA(N) sFLNGTH(N)
IF{N-L)327253380,3380

PRINT/D

MINIMUM RADIUS 1S LESS THAN R{]) OR RI(M)
JUMPTO/3380

IF(PASS=-10)3295+329593361()

CSQH#CONSH*%2

RCOS#RO*COSA

N#I

SQ2#I1/SQRTFIR( I+ )*%¥2-CSQ)

SUM#D

SUM#SUM~F (1) %RCOS#SQ2/K (1)

}13250,325053240




3300)

3310)
3320)

3330)

3340)

3350)

3355)
TITLES

3360)
TITLES

3370)

TITLES
3380}

Mac4
$3
3%
$%

4010)
4p20)

4030)

4040)

4050)

4060)

4n70)

4n80)

N#N+ |

IFIN-L+1)3310+3310s3340
IF(K(N))3320+3330,3320

SQI#SQ2

SQ2#1/SARTFIR(N+1)*%2~-CSQ)
SUM#SUM+F (N} *¥RCOS*(=5Q2+5Q1) /K(N)
JUMPTO/330n
SUM#SUM+RcOS*R(N)*(Z(N+I)—Z(N))*(SQZ**3)
JUMPTO/3300
SUM#SUM+F (L) *RCOS*SQ2 /K (L)

SUM#2%#SUM
IF{ABSF(SUM)-,00N001)337053370,3350
DALPHA#DEL/SUM %360
ALPHA#ALPHA+DALPHA

PASS#PASS+ 1|

JUMPTO/3n3n

PRINT/N )

RO AS GIVEN IS GREATER THAN R MAX OF PART
JUMPTO/3380n

PRINT/0O

ALPHA DID NOT CONVERGE IN TEN PASSES
JUMPTO/338n

PRINT/O

CHANGE IN ALPHA WwILL NOT CHANGE THETA
TERMAC

#MACRO/TZERO s JsNUMBER

TZERO IS THE STARTING VALUE OF THETA

J 1S .THE STARTING SECTION FOR THE PLOT
NUMBER IS THE NUMBER OF CIRCUITS TO BE DRAWN
N#J

THETA#TZERO

ZZHZ(J)

RADIAN#3,1415927/180

ZFLAG#0

TLON

IF(KIN))40205433054050

KK#- |
IF(ABSF(ZZ~Z(N))~.000001)4030+4030,4040
RELAG#2

RR#R2 (N}

JUMPTO /408N

RFLAG# I

RR#R 1 (N)

JUMPTO/4n80

KK#I

IF(ABSF{ZZ-Z(N+1))~,000001) 40705>4070540¢0
RFLAG# I

RR#R I (N)

JUMPTO/4080

RFLAG#2

RR#R2 (N)

BETA#KK¥K(N)*THETA/F(N)
XO#KK¥RR#COSF(BETA)
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3515
3517
3519
3521
3523
3525
3601
3603
3605
3607
3609
3611
3613
3615
3617
3619
3630
3634
3636
3621
3623
3625
3701
3703
3705

4001
A4D02
B4002
C4002
4003
4008
4002
4004
4005
4006
4007
4009
4011
4013
4015
4017
4019
4021
4023
4025
4101
4103
4105
4107
4109
4111
4113
4115
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4090)
4100)

4110)
4120)
4130)

4140)
4150)
4160)

4170)

4180)

4190)

4200}

4210

4220)

4230)
4240)
4250)

4260)

YO#RR#SINF(BETA)
IF(KK)4090,409054110

FF (N=L+e 1)412054100,4100
RE#RR
BETAZ#BETA+2%DBETA(N)
JUMPTO/4 160
IFIN=I-e1)4100s4100s4120
IF(RFLAG=145)413094130s4140
RE#R2 (N}

JUMPTO /4150

RE#R 1 (N)
BETAZ#BETA+DBETA(N)
XDH#KK¥RE#COSF (RETAZ)
YDH#RE*SINF(RETAZ)
IF(BETAZ-PHI(N))4220+4170s4170
AL#SINF(PHI(NY)
BI#-KK*COSF(PHI(N)}
IF(ABSF(X0~XD)-,000001)41805418054190
A2#1

B2#0

D2#X0

JUMPTO/4200

SLPE #(YD=YO)/ (XD=X0)
A2#-SLPE

B2#!

D2#YO-SLPE #XO
DENOM#A I ¥B2—A2 %R
1F(ABSF(DENOM)-,000001)44209442054210
XI1#-B1%*D2/DENOM
YI#A%#D2/DENOM
XOREF#XO+XC(N)
XIREF#XI+XC(N)
GOTO/(POINT/XOREFsY0)
DRAFT/ON
GOTO/{POINT/XIREFsYI)
DRAFT/OFF :
XO#KK®SQRTF (X I*#%2+Y [#%2)
YO#0

BETAZ#BETAZ~-PHI (N)
JUMPTC /4160
XOREF#XO0+XC(N)
XDREF#XD+XC (N}

GOTO/ (POINT/XOREF sYO)
DRAFT/ON
GOTO/(POINT/XDREF »YD)
DRAFT/OFF

THETA#KK*F (N)*BETAZ/K(N)
IF{KK)4230,5423054270
IFIN=-L+e1142405426054260
IF(RFLAG=145)4260s4260,4250
ZZHZIN+1)

N#N+ |

JUMPTO/431(

22872 (N)

N#ZN-— 1

4117
4119

4121
4123
4125
4201
4203
4205
4207
4209
4211
4213
4215
4217
4219
4221
4223
4225
4301
4303
4305
4307
4309
431
4313
4315
4317
4319
4321
4323
4401
4403
4405
4407
4409

a4

4413
4414
4415
4417
4419
4421
4423
4425
4501
4502
4503
4505
4507
4509
4511
4513
4515
4517
4519




4270)
4280)
4290)
4300)

4310)
4320)

4330)
4340)

4350)

4360)

4370)
4380)

4390)

4400)
4410)

4420)
TITLES

4430)

JUMPTO/4310D
IF(N=I-e1)4300+43N00+4280
IF(RFLAG~1,5)4300+4300+4290

ZZH#Z(N)

N#N- |

JUMPTO/4310

ZZHZ(N+1)

N#N+ |
IF(ABSF(22~2(J))-.0000011432054320,4010
ZFLAGHZFILAGH|
IF(ZFLAG-2#NUMBER++1)4010s401054430
IF(ABSF(ZZ-Z(N))=-.00000!)43409434054350
XO#X ! (N)

XD#X2 (N)

ZZH#Z(N+1Y

NN#N+1

JUMPTO/ 436N

XO#X2 (N)

XD#X 1 (N)

ZZHZ(N)

NN#N-1

YO#THETA¥RADIAN¥R(N)
DY#DTHETA(N)*¥R(N)*RADIAN

YD#YO+DY

DENOM#XD-X0

SLPE #DY/DENOM

"IF({YD-R2(N))439N54380+4380

YI#R2(N)

XI#{SLPE #*XO+YI-YO)/SLPE
GOTO/(POINT/X0sYO)

DRAFT/ON

GOTO/(POINT/XIsY1)

DRAFT/OFF

XO#X1

YOo#0

YD#YD-R2 (N)

JUMPTO/4370

GOTO/(POINT/X0,Y0)

DRAFT/ON

GOTO/ (POINT/XDsYD)

DRAFT/OFF

THETA#YD/ (R(N)*RADIAN)
IF{ABSF{ZZ-Z2(J))-.00000!)4400+4400s4410
ZFLAGHZIFLAGHI
IF(ZFLAG=-2#NUMBER+« 114410944 1054430
N#NN

JUMPTO/4010

PRINT/D

LINE CONNECTING POINTS IS PARALLEL TO L2(N)
PRINT/3sNsAl sBlsA25B2sD2sPHI(N)sXOsYOsXDsYDsK(N)
TERMAC
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4521
4523
4525
4601
4603
4605
4607
4609
4611
4613
4615
4617
4619
4621
4623
4625
4701
4703
4705
4707
4709
4711
4713
4715
4717
4719
4721
4723
4725
4801
4803
4805
4807
4809
4811
4813
4815
4819
4821
4823
4825
4901
4903
4905
4907
4909
4911
4913
4915
4917
4919




(6)
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